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ABSTRACT 
There are many unsolved questions concerning the possible 
role of plant growth hormones on sunflower's morphogenetic 
potential. So that the present investigation was undertaken to 
develop the tissue culture techniques in sunflower to find out 
morphogenetic potential of four genotypes and their explants. So 
for present investigation study cv. Morden, cv. KBSH-1, cv. 
PAC-308 and cv. DK-3890 was used to find out morphogenetic 
potential. 
For all the explants MS medium supplemented with BAP, 
NAA and 2,4-D (lmg/1 each) + Sucrose (3%) was found to be 
most suitable for callus induction. First pair of leaf and 
hypocotyl responded excellently for callus induction while 
cotyledon, cotyledonary leaf, stem, shoot tip, root and dehusked 
seeds responded well to callus induction. Genotype Morden and 
KBSH-1 gave high frequency of callus initiation up to 100% 
from hypocotyl, although the hypocotyl of genotype PAC-308 
and DK-3890 responded well. Mature leaves of all the genotypes 
gave least callus induction. Duration in days for callus initiation 
frequency was very late and very low by mature embryo in all 
the varieties. 
However, regeneration is quite rare event through callus. 
Shoot induction via callusing was achieved in few cases 
although a number of media compositions were tried. Indication 
of embryoid like formation was observed during some of 
subcultures. Rhizoenesis was however noticed to occur in 
presence of AgNOs. Presence of BAP (lmg/1) + GA3 (lmg/1) 
give rise shoot from KBSH-1 calli only in one case although 
presence of BAP found to be sole growth regulator for 
caulogenesis from calli as several callus showed nodule and 
embryoid like structure on various BAP and GA3 supplemented 
MS medium. It has been observed that 2,4-D higher than 0.5mg/l 
rendered the browning of callus and leading to early 
degeneration. In few cases presence of ABA initiated shoots. 
High concentration of Sucrose (5 & 10%) with various growth 
regulators initiated green nodular calli with few shoots and roots 
in some cases. 
Callus growth of cv. Morden was recorded in terms of 
relative growth rate day' ' Which was found to be maximum on 
cytokinins in 14 days i.e. 0.12 day' ' on Kn (2mg/l) + lAA 
(0.05mg/l). Whereas, on auxin supplemented media maximum 
callus growth was recorded on lAA (2mg/l) + Kn (0.05mg/l), 
NAA (2mg/l) + Kn (0.05mg/I), IBA (5mg/l) + Kn (0.05mg/l) and 
2,4-D (5mg/l) + Kn (0.05mg/l) was 0.14 day"' in 14days. 
Role of auxins with constant concentration of Kn 
(0.05mg/l) was observed on different explants of cv. Morden for 
callus induction. It was observed that lAA (5mg/l) + Kn 
(0.05mg/l) for cotyledonary explant and leaf was found best for 
callus induction. Whereas, NAA (5mg/l) + Kn (0.05mg/l) found 
to be best for callus induction from cotyledon, stem and leaf. 
2,4-D ( land 2mg/l) + Kn (0.05mg/l) was observed to be best for 
callus induction from leaf and stem. 
Callus induction frequency from different explants of cv. 
Morden on MS + cytokinins with constant level of lAA 
(0.5mg/l) and BAP (2mg/l) + lAA (0.5mg/l) found to be best for 
callus induction from hypocotyl and leaf whereas, Kn (2mg/l) + 
lAA (0.5mg/l) for cotyledon. 
lAA (2mg/l) + Kn (0.5mg/l) and IBA (5mg/l) + Kn 
(0.5mg/l) in terms of auxins were found to be good for xylem 
differentiation in calli of cv. Morden. Whereas, Kn (2mg/l) + 
lAA (lmg/1) and BAP (5mg/l) + lAA (lmg/1) in terms of 
cytokinins was found to be good for xylem differentiation in 
same genotype. 
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Rhizogenesis in terms of cytokinin concentration when 
recorded, it was observed that Kn (5mg/l) + lAA (lmg/1) and 
BAP (lOmg/1) + lAA (lmg/1) initiated rhizogenesis in calli of 
cv. Morden. 
Various levels of auxins and cytokinins alone or in 
combination were used for calli regeneration of cv. Morden did 
not help to induce shoots. 
Studies on micropropagation in sunflower with shoot tip 
indicated that Kn and BAP alone in different concentrations. 
BAP/Kn at 4mg/l give rise to highest number of shoot/cultured 
shoot tip. Multiple shoot initiation was also achieved on MS 
medium fortified with BAP/Kn (2mg/l) + auxins (lmg/1) in 
different genotypes using shoot t ip. 
Multiple shoot regeneration directly from the explant was 
achieved using shoot tip, hypocotyl and cotyledons. Cotyledon 
was found to be best for shoot initiation. 
Two days old cotyledons gave direct regeneration on MS + 
Kn/BAP (4mg/l) + auxins (4mg/l), although direct regeneration 
was achieved from 4 days old cotyledons on the same media but 
increasing with the age regeneration capacity of cotyledon 
decreases. Kn/BAP (4mg/l) + IBA (4mg/l) was found to be most 
important for multiple shoot initiation directly from the 
cotyledonary explant in all the varieties. 
Regeneration directly from hypocotyl was achieved on MS 
+ Sucrose (4%) + Kn (2,4 & 5mg/l) + IBA (lmg/1) and MS + 
Sucrose (4%) + BAP (4mg/l) + IBA (lmg/1). Regeneration 
indirectly from hypocotyl was observed on some ABA and Ads 
mediated MS medium. 
Direct shoot initiation occurred only in one case when 
immature leaf cultured on MS + BAP (5mg/l) + NAA (lmg/1) + 
sucrose (4%) unfortunately it was initiated from leaf petiole. 
A number of rooting media was tried for rooting from 
miniplants. It has been found that 1/3 MS medium + NAA 
(lmg/1) + GA3 (lmg/1) and 1/3 MS + NAA (lmg/1) + GA3 
(lmg/1) + AC (0.5mg/l) initiated rooting with high frequency. 
Rooted plants were successfully acclimatized in to field 
conditions although frequency of survival was as low as 15%. 
Tissue culture studies in sunflower are worth intensifying 
with special efforts on manipulating the seedlings or donor 
plants involving large number of genotypes and establishing the 
influence between callus induction media and regeneration 
behavior to realize high and repeatable morphogenetic potential. 
It has been concluded that experiment with diverse 
explants has yielded the good results but the morphogenetic 
capacity is at least difficult, to maintain for an extended period 
in undifferentiated cultures. 
The purpose of this study was to improve regeneration 
system of sunflower to find out repeatable regeneration 
protocol. Although I have regenerated plants directly from the 
explant or through callus, still it is in conformity with previous 
reports that this plant is recalcitrant. 
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INTRODUCTION 
Plant tissue culture has now become a very well defined 
term is used for growth or maintenance of 'sterile ' cells, t issues, 
organs separated from mother plant on artificial media in vitro. 
Protoplast cultures and even the genetic manipulations in plants 
are also included in the field of plant tissue culture. The 
principles of cell culture were formulated by Haberlandt (1902), 
who is regarded as "Father of plant tissue culture". He predicted 
the totipotency of plant cells and made some attempts to culture 
mesophyll cells (Krikorian and Berquan, 1969). The historical 
developments in plant tissue culture have been thoroughly 
reviewed (Krikorian, 1982). 
The only limiting factor in commercialization of large 
number of plants has the cost of cultivation. As for other annual 
/ biennial crop, per acre requirement of planting material is very 
large, cost of propagule is of major concern. 
Tissue culture can thus be adopted for: 
> Species, which are difficult to regenerate by conventional 
methods and only way to save them from extinction is to 
propagate them by tissue culture. 
> Species where population has decreased due to over 
exploitation and thus initial bulking of stock can be taken up 
by tissue culture. 
> Species, which show lot of variability in terms of the active 
principles with medicinal properties. Tissue culture of 
selected clones will help in sustainable harvest and fetching 
better prices both in the domestic and international market. 
> Trees with medicinal properties or elite's can be identified 
based on their potential of yielding higher amount of active 
principles. 
Tissue culture protocols have been developed for several 
plants but there are many more species which are over exploited 
and need conservation through in vitro technique. Also there is 
large number of species for which limiting factor in expanding 
the area under the cultivation is the scarcity of planting 
material. 
The techniques of plant tissue culture have contributed 
greatly to our understanding of basic problems in plant 
metabolism, plant genetics, plant morphogenesis, biochemistry 
and plant physiology. They have application in germplasm 
storage (Bajaj, 1979,1986), clonal propagation (Murashige, 
1977), breeding disease free and disease resistant plants for 
rapid clonal propagation of various genotypes (Kartha and 
Gamborg. 1978), anther culture for haploid induction 
(Sunderland, 1974; Plotnikov, 1979; Bajaj, 1983; Mix, 1985; 
Gurel, 1991 a,b; Friedt et al., 1997), somatic embryogenesis for 
artificial seed production (Sharp et al., 1982; Redenbergh er al., 
1986,1988), embryo culture (Raghavan, 1977; Niktina,1984; 
Antonova et al., 1990,1991; Jeannin et al., 1995), secondary 
metabolites of industrial value (Constabel, 1974; Staba 1977; 
Roewar and Mabary, 1988), somaclonal variations (Scowcroft 
and Larkin, 1982; Scowcroft, 1984; Evans and Sharp, 1988) 
protoplast culture and fusion (Kumar and Cocking, 1987; 
Bohorova et al., 1986, 1990; Krasnyanski and Menczel, 1995) 
and recently genetic engineering for the production of transgenic 
plants (Uchimiya et al., 1989). 
Helianthus (Asteraceae) is the second most important 
source of vegetable oil in the world (Carter, 1978). The genus 
comprises some 67 species, all-originating from America 
(Carter, 1978). Sunflower ( Helianthus annuus L.) seed oil has a 
production of about 1 8% of the world production of edible oils. 
Helianthus annuus L. is an annual shrub, cylindrical, 
strong hairy stalk, 0.6- 4.5m in height, leaves toothed. The 
inflorescence is a head consisting of pistillage ray florets at the 
periphery and central hermaphrodite disc florets. Ovary is 
strongly inferior with a single ovule. The flower heads highly 
adapted for insect pollination, fruit single seeded. Oil content of 
the sunflower vary from 30-50 per cent but has a potential to 
reach 60%, high temperature during seed development can 
reduce the total oil content. Oil being rich in unsaturated fatty 
acid. The fatty acids are composed of oleic acid (25-50%), 
linoleic acid (40-60%), palmitic acid (6-15%o) and steric acid at 
very low quantity. Protein content is usually 15-22 per cent ( 
Anonymous, 1972). 
Oil helps in the reduction of cholesterol content in the 
blood vessels besides being rich in vitamin E. Oil is used in 
salves, plaster and liniments for rheumatic pain. It is also widely 
used in foodstuff as salad and margerine oil in soaps and as 
lubricant. In homeopathy a tincture from the seed is used 
internally to relieve constipation and externally on cuts and 
bruises. The seeds are also roasted and eaten as a coffee 
substitute and ground into flour. The dried flower heads also 
used medicinally in some countries, they have diuretic, 
carminative, anti-inflammatory and anti-diarrhoeal properties 
(Volak and Stodola, 1998). 
The production of sunflower in India is very low 462kg/ha 
as compared to other countries like Turkey 525kg/ha, Bulgaria 
1773kg/ha and many other developing countries produces much 
more sunflower than in India. India is importing nearly 1000 
Crores rupee worth edible oils annually in-spite of low per 
capita annual consumption of 4.6kg as against the 26kg in 
developed countries. Under the present economic condition of 
foreign exchange crisis, there is an urgent need for achieving 
self sufficiency in oil production. To overcome this problem 
development of high grade quality should be accomplished, 
which can be possible only through in vitro culture techniques. 
Loss of yield is also due to disease, so disease resistant 
variety can be produced through selection of somaclonal 
variants. Many gene controlling desirable characteristics are 
available in related wild germplasm. However through 
conventional hybridization procedure, transfer gene to cultivar 
is not possible due to sexual incompatibility barriers. In such 
cases in vitro pollination of ovaries is used for obtaining hybrid 
embryos and plants, where the sexual barriers are to strong or 
the parental species are widely separated, protoplast fusion is 
the way out. Protoplasts are the naked cell made to fuse and 
resulting fusion products can be regenerated into hybrid plants, 
which are known as somatic hybrids. Plant regeneration can be 
utilized to recover the variants obtained in vitro or to recover 
pre-existing genetic variability. In these cases regenerated 
variant plants can be used to complement existing breeding 
programme. 
Regeneration in sunflower is quite rare event obtainable 
with certain genotype and development upon specific conditions. 
In other words regeneration frequency depends upon genotypes 
and most genotypes are reported to be recalcitrant (Power, 1987; 
Witrzens et. al., 1988; Jeannin and Hahne, 1991; Gurel, 1991). 
According to Friedt (1992), sunflower hybrids and pure lines are 
still comparatively recalcitrant to the application of 
biotechnology. Thus the present investigation was undertaken to 
improve regeneration system and to define plant growth 
conditions that allow regeneration of sunflower plants from 
various explants with following objectives. 
1. Standardization of tissue culture technique in respect of 
explants, genotype and media composition to establish 
reliable and repeatable regeneration with in vitro culture 
system. 
2. Studies on embryo culture for overcoming dormancy and 
embryo abortion during wide crosses. 
3. To record histological observations from explant and callus 
culture. 
4. To establish culture conditions for micro-propagation through 
different organ / callus culture/ varieties and to study various 
factors controlling regeneration. 
5. To find out a protocol for raising complete plants in vitro and 
transfer them to pots and field conditions. 

REVIEW OF LITERATURE 
The development of the tissue culture is historically linked 
to the discovery of cells and subsequent propounding of the cell 
theory. More than 244 years ago, Henri Louis Duhamel du 
Monceau's (1756) demonstrated pioneering experiments on 
wound healing in plants and spontaneous callus formation on the 
decorticated region of elm plants. Tissue culture to begin would 
be a good mean for understanding the factors responsible for 
cell proliferation and organ formation. Based on histological 
observations of callus development, Trecul (1853) pointed out 
that the establishment of tissue culture involves the process of 
cell proliferation and differentiation. 
The concept of cell culture and cellular totipotency was 
conceived by Haberlandt (1902) who, suggested that an isolated 
somatic cell should behave like a zygote when provided proper 
nutrient. However, much success was not achieved in the field of 
tissue culture. Later, Hanning (1904) cultured successfully 
mature embryos of crucifers on mineral salts and sugar 
solutions. 
For the first time Gautheret (1934) cultured cambium cells 
of some tree species (Acer psedoplatanus, Ulmus campestre, 
Robinia pseudoacacia and Salix caprea) on Knop's solution and 
observed proliferation of callus from these cells. Plant cell 
culture is important for improvement of important oil yielding 
plants. Complete plants have been regenerated from callus 
cultures, excised anthers and isolated protoplast of many 
important, plants. Many of the regenerated plants showed 
somaclonal variations and selections were made for high active 
principle cell line. The important work on various explants has 
been reviewed as follows-
2.1. Apical Meristem Culture 
Axillary and apical shoots contain quiescent or active 
meristem depending upon the physiological state of plant and 
multiplication rate can be enhanced by shoot tip culture. 
It was Henrickson (1954) who cultured Helianthus annuus 
shoot tips with or without cotyledons on a modified White's 
medium to study flowering in vitro. The in vitro raised plants 
flowered within 3 months. Initially shoot tip culture of 
sunflower was started by Trifi et al. (1981), developed a method 
for shoot multiplication from shoot tip. This method required 
growing shoot tips on low concentration of NAA and BA 
(0.5mg/l each) allowed shoot to grow out. Mokhtar et al. (1981) 
also raised plantlets by culturing apical meristem excised from 
10 days old seedlings. The effect of plant hormones in various 
combination and concentration were examined (Paal et al., 
1981). BA alone or in combination to NAA tended to promote 
callusing while NAA alone allowed the stem tip to grow in to 
plant. 
Several concentrations of 2,4-D (2-5mg/l) and BAP (1-
5mg/\) were able to induce caUus from shoot apices and BAP 
( l ,3and 5mg/l) was found to be sole growth regulator for 
regeneration from subcultured calli present the medium (Greco 
et al., 1984). Adventitious shoots were induced from cultured 
shoot tips of sunflower from 11 days old seedling cultured on 
MS medium with 0.5mg/l BA, O.lmg/1 lAA and O.Olmg/1 GA3 
(Paterson, 1984) and regenerated shoots were moved to hormone 
free MS medium with 1% activated charcoal. Apical meristem 
were successfully cultured (Knopp and Mix, 1986) on MS 
medium supplemented with BA and Sucrose. A technique for 
inducing root in cultures of shoot apices to allow propagation 
for breeding purposes including use of IBA as a dip and NAA in 
the culture medium and temperature of 18*^0 favoured shoot 
elongation while 27°C favoured root (Greco et al., 1986). 
Cavallini and Lupi (1987) observed precocious flowering in 
regenerated shoots were induced by GA3. Robinson et al. (1987) 
investigated the role of ethylene precursor, aminocyclopropane-
1- carboxylic acid (ACC) on physiological and morphological 
responses of shoot tip cultured in vitro, had no effect on the 
development of floral apices, but in presence of BA induced 
production of callus. The best medium for in vitro multiplication 
of sunflower shoot tip was MS basal medium augmented with 
0.1-lmg/l BA or Kn by Liu and Xu (1988). When the apical 
meristem of Helianthus was cultured on MS and B5 medium 
augmented with auxins, cytokinins, gibberellin, 
inositol (0.5gm/l) and potassium nitrate (0.5 and 5gm/l) 
increased the regeneration percentage (Zambila, 1989). 
Shi and Liu (1989) found addition of BA to the culture 
medium was essential for organogenesis and BA also produced 
adventitious shoots. Applicability of new biotechnological 
method in sunflower breeding was investigated by using 
meristem culture (Vasiljevic et al., 1990). Best callus formation 
was achieved by Baruah and Sarma (1996) on MS medium 
supplemented with 2.5ppm NAA + Ippm Kn and the shoot 
regenerated from the same explant on medium supplemented 
with 0.5ppm IBA + Ippm Kn and with 0.5ppm each NAA, IBA 
and BA. 
2.2. Stem Culture 
The stem tissue cultures of sunflower have been attempted 
by White and Broun (1942) they cultured fragments from 
different locations of the stem on White's medium containing 
auxins. They reported callus formation. De Ropp (1947) cultured 
normal sunflower stem tissues and tumor stem tissues to 
compare the growth pattern in terms of fresh weight of callus on 
White's medium containing lAA (10 and 0.01 mg/c.c) and 
confirmed that normal stem cells grew best. It was further 
reported that normal stem tissue responded to lower cone, of 
auxin for abundant root production. Hildebrandt (1947) cultured 
sunflower stem on White's medium supplemented pyridoxine 
HCl and reported initiation of unlimited cell division in vitro. 
Henderson et al. ('1954) established that certain supplements 
cause an increase in growth of normal sunflower stem callus on 
l/2Knop's solution including lower levels of lAA (0.01 and 
0.05|ig.c.c). 
Sadhu (1974) achieved regeneration in Helianthus annuus 
from stem on MS medium containing lAA 1 mg/1 for the first 
time. Later callus initiation from stem in sunflower was 
achieved on MS medium containing various growth hormones 
(Bohorova et al., 1985). Callus initiation from stem was 
observed on MS medium containing inositol 100 mg/1, 
pyridoxine HCl 0.5 mg/1, glycine 2 mg/1, nicotinic acid 0.5 mg/1, 
thiamine 0.1 mg/1 and 1 mg/1 each of NAA and BA or NAA + BA 
(1 mg/1 each) plus O.lmg/1 GA3 (Roewer and Mabry, 1988). 
Bohorova et al. (1990) investigated the morphogenetic potential 
of stem of six wild sunflower species and obtained callus on MS 
medium containing BA and NAA. 
Highest level of regeneration was obtained from stem 
derived callus of H. nuttalli and H. maxmilliani on MS medium 
containing 1 mg/1 BA, 0.1 mg/1 gibberellic acid, 500 mg/1 
casamino acid and 30 gm/1 Sucrose (Punia and Bohorova, 1990). 
Stem sections of H.smithii (approx. 1mm) were cultured 
successfully and plantlets were regenerated on MS medium 
supplemented with NAA and BA (lmg/1 each). Stem segments of 
H. smithii were cultured on MS medium supplemented with NAA 
(lmg/1) and BAP (lmg/1) both the callus formation and 
organogenic responses were observed (Laparra et al., 1997). 
2.3. Hypocotyl Culture 
Hypocotyl culture is one of the important efficient plant 
tissue culture technique represents a basic step in non-
conventional improvement of crop plants. 
Hypocotyl actively produced nodular callus on the MS 
media supplemented with 2,4-D (Greco et al., 1984), which after 
transfer on BAP (5mg/l) produced a number of shoots. Attempts 
carried out for rooting of regenerated shoots on MS medium 
supplemented with NAA (0.05, land 5mg/l). Addition of KNO3 
(5mg/l) to the MS medium increases regeneration whereas, the 
changing in NH4^ concentration inhibited regeneration from 
hypocotyl derived callus. Hypocotyis from 11 days old seedling 
were reported to be the best for plant regeneration (Paterson and 
Everett, 1985). 
Sunflower calli obtained from hypocotyl tissues were 
successfully cultured" on Miller's salt with various growth 
hormones and vitamins, which were turned into embryoidal 
callus when transferred on Kn (5mg/l), NAA (lmg/1) and 
thiamine HCl (5mg/l) (Piubello and Caso, 1986). In vitro shoot 
regeneration from hypocotyl fragments of sunflower was 
observed in MS medium augmented with BA and Sucrose (Knopp 
and Mix, 1986). 
Lupi et al. (1987) successfully cultured hypocotyl and 
obtained shoots using MS medium with NAA (2mg/l) plus BA 
(0.5mg/l) whereas, some of them developed into shoots on MS 
supplemented with BAP alone. Robinson and Adams (1987) 
investigated the role of ethylene in regeneration of average 
number of Helianthus annuus plant from hypocotyl derived 
callus on MS plus NAA, BA, GA and KNO3 9.5^M. Wu et al. 
(1987) noticed the effect of 2,4-D and BA on the growth and 
calmodulin content. The calmodulin content increased in callus 
produced on 2,4-D or BA. Freyssinet and Freyssinet (1988) 
described the technique for the production of fertile sunflower 
from hypocotyl of immature embryos and allowed the 
differentiation of somatic embryo like structures. Witrzens et al. 
(1988) induced callus from hypocotyl on MS medium 
supplemented with BAP (lmg/1) + NAA (0.5mg/l). Shoots were 
rarely observed in these cultures when transferred on different 
levels of auxins and cytokinins. Mohammad and Hassan (1988) 
studied the effect of Beta-phenyl-3-indolyl propiophenone on 
callus initiation from hypocotyl of sunflower, which was as 
effective as Kn + 2,4-D in inducing callus. Yanchin et al. (1989) 
observed that lAA and NAA were most effective in inducing 
callus formation whereas, BAP and 2,4-D inhibited callus 
formation within the range of lO-S^iM concentration tested, Kn 
and Sucrose markedly increased callus formation, whereas, 
Zeatin, GA3 and 2,3,5 TIBA induced morphogenetic processes. 
Addition of 2,4-D (lmg/1) was necessary to induce 
embryogenesis and embryoid maturation from sunflower 
hypocotyl and presence of ABA (lmg/1). BA (3mg/l) allowed 
further embryoid development from hypocotyl explants whereas, 
green friable calli obtained on MS medium supplemented with 
BAP + NAA (0.5mg/l) (Prado and Berville, 1990). Somatic 
embryos from hypocotyl epidermal tissue were produced on 
Gamborg's medium with high Sucrose concentration plus BA, 
NAA (lmg/1 each). However lAA instead of NAA induced 
premature root development. (Pelissier et al., 1990). Calli 
obtained from hypocotyl from germinating seedlings were 
successfully used for propagation of different sunflower line 
through tissue culture in vitro (Krauter and Friedt, 1991). 
Genotypic differences in callus induction and differentiation in 
sunflower hypocotyl segments of 51 inbred lines were observed 
on Peterson's HaR medium (Liu et al., 1991). Hypocotyls were 
used for callus development and plant regeneration from inbred 
and cytoplasmic male sterile lines of sunflower genotype was 
used to improve the regenerative ability (Zezul et al., 1995). 
NAA proved more effective than lAA for callus induction from 
seven days old hypocotyl of sunflower and it was found that 
employing ethylene precursor (methionine and ACC) and action 
inhibitor revealed significant role of endogenous ethylene levels 
in auxins induced rooting. Vesperinas (1998) evaluated the 
effect of White's and MS medium in 100% as well as in 50% 
concentration supplemented with various lAA levels and found 
to be MS half with 0.9mg/l lAA was most effective for 
rhizogenesis from hypocotyl of sunflower. 
2.4. Cotyledon Culture 
Plant regeneration methods via somatic embryogenesis of 
several Helianthus genotype were developed. Several workers on 
defined media obtained high frequency of embryogenesis from 
cotyledonary explant. Diverse genotypes of the sunflower have 
been regenerated from mature and immature stages of 
cotyledons. 
Mature cotyledons as a source of explant for shoot 
regeneration was reported (Greco et al., 1984). When cotyledon 
pieces were cultured on MS medium with 2-5mg/l 2,4-D or 0 .1-
5mg/l BA to induce callus. He also observed that some nodular 
cotyledonary callus of sunflower regenerated many shoots on 
various concentrations of BA containing MS media. Piubello and 
Caso (1986) observed that Miller's salt with Kn, NAA, lAA, 2,4-
D and picloram was important for differentiation of meristematic 
nodules, roots and bud-like structures from cotyledonary callus. 
Globular embryoids were formed on MS medium containing Kn 
(5mg/l), NAA (lmg/1) and thiamine (5mg/l). Knopp and Mix 
(1986) cultured fragments of cotyledons and obtained indirect 
shoot regeneration in vitro on MS medium supplemented with 
BA and Sucrose. 
Lupi et al. (1987) produced somatic embryogenesis from 
cotyledons on MS medium supplemented with various 
concentration of NAA (2mg/l) and BA (0.5mg/l), some of the 
callus developed into shoots on a medium supplemented with 
BAP alone. The high frequency of shoot bud differentiation per 
culture was achieved using 5mg/l Kn + 5mg/l IBA, and 2mg/l Kn 
+ lmg/1 IBA from sunflower cotyledonary segments (Nataraja 
and Ganapathi, 1989). Callus was formed from cotyledonary 
explants on MS medium containing 0.05mg/l BA and 0.5mg/l 
NAA (Punia and Bohorova, 1990; Bohorova et al., 1990). 
Cotyledons from germinating seedlings were used to induce 
callus by Krauter and Friedt (1991). Addition of cobalt chloride 
(40-80|iM) to the MS medium inhibits growth in callus derived 
from cotyledons whereas, shoot regeneration was increased at 
0.9-20fiM (Chraibi et al, 1991 a,b). 
Shoot regeneration potential from mature cotyledons of 
two days old seedlings on liquid modified MS medium 
supplemented with 5.4fj,M NAA + 4.4|iM BA was found to be 
good (Chraibi et al., 1991). Quantitative interaction between 
auxins, cytokinins, age of cotyledons and TIBA treatment 
influenced the shoot regeneration from cotyledons (Pugliesi et 
al., 1991). Knittel et al. (1991) observed a high percentage of 
shoot regeneration via organogenesis starting from cotyledons of 
4-5 days seedlings. Chraibi et al. (1992) elaborated a 
regeneration method using mature cotyledons cultured first in 
modified liquid MS medium followed by subculture on some 
medium solidified with agar supplemented with 5.4|iM NAA and 
4.4fiM BA and reported considerable increase in the number of 
regeneration. It was also suggested that induction of shoot 
controlled by ethylene. Ceriani et al. (1992) induced direct 
shoot regeneration from cotyledons on modified MS medium 
containing lmg/1 BA, whilst optimum concentration for callus 
proliferation involved the use of 0.5, 0.75 and lmg/1 NAA alone 
or in combination with low concentrations of BA (0.lmg/1). 
Regenerated shoots were rooted on one-fourth MS medium with 
Sucrose (1.0%). Plant regeneration from cotyledonary callus of 
six wild species of sunflower on MS medium supplemented with 
BA (lmg/1), GA3 (0.lmg/1), casamino acid (500mg/l) and Ads 
(40mg/l) was achieved (Punia and Bohorova, 1992). Cotyledons 
of sunflower were cultured on MS medium supplemented with 
high concentration of cytokinins (BAP or Kn: 4mg/l) and low 
concentration of auxin (lAA: 0.5mg/l) showed somatic 
organogenesis and plant regeneration (Pugliesi et al., 1993). 
Callus development and plant regeneration from inbred and 
cytoplasmic male sterile line of sunflower using cotyledon 
culture on MS medium supplemented with auxins and cytokinins 
was observed (Ahmad and Punia, 1994). A comparative study of 
MS, LS, B5 and Blaydes medium on callus induction and 
organogenesis using cotyledonary explant was done. MS medium 
supplemented 2.5mg/l 2,4-D and 0.75 mg/1 Kn was found to be 
most efficient medium for callus induction and organogenesis 
(Kiranmai et al, 1995; Kiranmai and Devi, 1995). Direct 
somatic embryogenesis from cotyledons of immature embryos 
and plant regeneration in sunflower was induced on MS medium 
supplemented with various growth hormones (Radhucanu et al., 
1995). 
Cotyledons from 2 days old seedlings were used to 
measure genetic variability for organogenic parameters in 
sunflower on modified MS medium (Sarrafi et al., 1996). 
Cotyledons from mature seedlings were used as explant for plant 
regeneration in sunflower on MS medium supplemented with Kn 
(2mg/l), lAA (lmg/1) plus glutamine (200mg/l) and BA 
(0.5mg/l), NAA (0.5mg/l) plus glutamine (200mg/l) (Nestares et 
al., 1996). The statistical analysis showed significant 
differences and high frequency of plant regeneration among 
genotypes for regeneration. Etiolated cotyledonary explants 
found to be appropriate for culture and plant regeneration (Fiore 
et al, 1997) on MS medium with NAA and BA with the ratio of 
1:1 + GA (0 . lmg/1) + KNO3 (5gm/l) and myo-inositol (100 
mg/1). Well-grown plantlets were rooted on half strength of MS 
salts containing NAA (O.lmg/1), thiamine (0.05mg/l) , myo-
inositol (50mg/l) and Sucrose (1.0%). 
The genetic variability for regeneration ability was 
evaluated by studying direct organogenesis from sunflower 
cotyledons on MS medium supplemented with KNO3 (0.5%), CH 
(0.05%), inositol (0.01%), BA (4.4^M) and NAA (5.4nM) 
(Daglenes et al., 1997). Cotyledons (excised from 2 days old 
seedlings) of ninety-three recombinant inbred lines were 
cultured to screen their regenerability by organogenesis and 
recombinant lines from cross 'PAC-2x RHA 266' was found to be 
best for organogenesis (Berrios et al., 1999). 
2.5. Leaf Culture 
The leaf is the most convenient and popular source for 
plant regeneration because it comprises a large number of 
relatively uniform cells. Regeneration of multiple shoots 
directly from leaf of MS medium supplemented with BAP 
(lmg/1) could be useful for clonal propagation of hybrids and 
male sterile line of sunflower (Greco et al., 1984). Knopp and 
Mix (1986) observed leaf produced embryoids on MS medium 
supplemented with Sucrose and BA. Callus was induced from the 
leaf of Helianthus on MS medium supplemented with different 
concentration of auxins and cytokinins, some of these callus 
regenerated on media augmented with BAP alone Lupi et al. 
(1987). 
Paterson (1984) and Power (1987) obtained clusters of 
adventitious shoots from leaf on various auxins and cytokinins 
supplemented MS medium. Roewer and Mabry (1988) produced 
the callus from leaves of sunflower on modified MS medium 
with BA and NAA (lmg/1) singly or with BA + NAA (lmg/1 
each) + GA3 (0. lmg/1) for the purpose of growth and secondary 
metabolite synthesis. Bohorova et al. (1990) observed callus 
induction from the leaves of six wild species of sunflower on 
MS medium containing BA and NAA, although induction rates 
varied according to genotypes. Punia and Bohorova (1990) 
obtained callusing from leaf on MS medium containing 0.5mg/l 
BA and 0.5mg/l NAA. Regeneration from callus was achieved on 
MS medium incorporated with lmg/1 BA, 0.lmg/1 gibberellic 
acid and 500mg/l casamino acid. 
Embryogenic calli were obtained from leaf and plants were 
regenerated on MS media with 2.2mg/l BA and O.Olmg/1 NAA, 
highest per cent of embryo formation was observed when MS 
medium supplemented with NAA O.Olmg/1 (Krasnyanski et al., 
1992). Punia and Bohorova (1992) succeed in regenerating 
plants of sunflower using leaf on MS medium supplemented with 
l.Omg/1 BA, O.lmg/1 gibberellic acid, 500mg/l casamino acid 
and 40mg/l Ads. Callus development and plant regeneration 
from inbred and cytoplasmic male sterile lines of sunflower leaf 
was observed (Ahmed and Punia, 1994). Best callus formation 
from sunflower leaf of cv. Sutton was achieved on MS medium 
supplemented with 2.5ppm NAA plus Ippm Kn, the rate of 
chlorophyll synthesis by calli was optimum on medium 
supplemented with 2.5ppm auxin plus Ippm cytokinins but the 
rate declined at higher cytokinin concentration (Baruah and 
Sarma, 1996). Plant regeneration from leaf of 5. smithii on NAA 
and BA (0-2mg/l each) containing media was observed, whereas, 
somatic embryos appeared on majority of auxins incorporated 
MS media, while shoots were observed on media containing BAP 
(Laparra et al., 1997). Nodular callus formation from leaf was 
observed on MS + 2,4-D + Kn and MS + Kn + NAA medium 
whereas, profused rooting from calli was observed on NAA 
(5mg/l) supplemented MS medium. (Shahzad and Siddiqui, 
2000). 
2.6. Embryo Culture 
Embryo culture is the aseptic isolation and growth of 
sexually produced embryos in vitro with the objectives of 
obtaining viable plants. In 1904 Manning published a paper 
describing first systematic attempts to culture isolated mature 
embryos of Cochleria and Raphanus aseptically. 
For regeneration of plantlets from hybrid embryos from 
interspecific and intergeneric crosses, four to five days old 
hybrid embryos were first placed on a high Sucrose (12%) with 
high amino acid on Gamborg's medium. Production of plants was 
found either through organogenesis or embryogenesis including 
direct or indirect shoot initiation (Chandler and Jan 1983). 
Embryos were successfully excised and cultured 3-7 days after 
pollination (Chandler and Beard, 1983). Both organogenesis and 
somatic embryogenesis can be induced from (6mm) immature 
zygotic embryos of sunflower on various Sucrose concentration 
supplemented MS medium (Bronner et al., 1984). Young 
embryos of 3-10 days old were successfully cultured (Nikitina, 
1984). Addition of lAA (lmg/1), BA (0.5mg/l) and CH (0.1 mg/1) 
to the MS medium was found to be good for successful plant 
regeneration by culturing embryos (Vasiljevic and Skoric, 
1985). Nitsch medium was found to be useful for growing hybrid 
embryos at globular stage (Banyai et al., 1985). Small young 
embryos required a high Sucrose concentration and low nitrogen 
content (NH4^ or NO3") in the medium (Espinasse et al., 1985). 
Culturing the embryos of 4-5 days old as globular to torpedo on 
MS basal medium, with 0-2mg/l auxins and cytokinins resulted 
shoot organogenesis from calli of seven sunflower genotypes 
(Espinasse and Lay, 1986). 
Somatic embryos were observed 6 days after culturing 
immature embryo on high Sucrose containing medium, and 
immediate callus was found. The somatic embryos proliferated 
directly from the surface of zygotic embryos and germinated 
upon culture in a low Sucrose (2%) and hormone free medium 
(McCann, 1986; Finer, 1987). Immature embryos of 0.1-5mm are 
incubated on a medium slows down the development of zygotic 
embryo and allow the differentiation of somatic embryo like 
structures. Li et al. (1988) pointed out that high concentration of 
Sucrose was favourable to occurrence of somatic embryos. 
Nitsch medium supplemented with 0.5-lOppm Zeatin and 17.5% 
Sucrose, higher Zeatin concentration stimulated somatic 
embryos, with 2,4-D. Freyssinet and Freyssinet (1988) 
regenerated fertile plants by culturing immature embryos on MS 
medium supplemented with BA (0.0005-0.OOlmg/1) and Sucrose 
(2%). 
McCann et al. (1988) observed that 2,4-D (lO.O^iM) 
promoted the maximum growth of embryonic tissue whereas, the 
higher level of 2,4-D caused browning and necrosis. The 
optimum Sucrose level for growth of immature embryo derived 
callus was 12% and the addition of ABA was not mandatory for 
plant regeneration. Witrzens et al. (1988) investigated that 
callus from immature embryo gave best regenerable tissue and 
reproducible results and the premature flowering of regenerated 
shoots could be overcome by the addition of 10,30 or 100|iM 
phloridzin, esculin or naringin to the medium. 
McCann et al. (1988) cultured immature embryo MS 
medium characterized by a high Sucrose content (12%), lOfiM 
2,4-D and 5 |aM ABA and within 7 days proliferation of smooth, 
white differentiated tissues were evident. Embryos of 59 
sunflower genotypes (0.2-1.2 mm long) were cultured on 
modified MS media with different concentrations of NAA and 
BA. The best medium for shoot formation from callus derived 
from immature embryos was found to be was NAA (O.lmg/1) and 
BA (lmg/1) supplemented MS medium (Espinasse and Lay, 
1989). Both NAA and BA had to be present to induce formation 
of morphogenic callus from zygotic embryos, the most effective 
concentration across genotypes were NAA (O.lmg/1) and BA (0.5 
and 0.2 mg/1). The frequency of shoot regenerating callus also 
varied with size of explant, for all genotypes, 0.4- 1.2mm heart 
shaped zygotic embryos formed morphogenic callus more 
frequently than smaller less developed (Espinasse et al., 1989). 
The conditions for the induction of morphogenesis in callus 
from 5-7 days old immature embryos of sunflower cv. Peredovic 
Ulluchennyi were tested. MS medium with BA (0.5 mg/1), lAA 
( l -2mg/ l ) , inositol (50mg/l) and Sucrose (25gm/l) were found to 
be optimum for morphogenesis (Antonova et al., 1990). 
Application of ABA in vitro to the young embryos of sunflower 
inhibits precocious germination (Page et al., 1991). Immature 
sunflower embryos of cv. Odesskii 122 were successfully 
regenerated on different contents of NAA and BA containing MS 
media (Pushkarenko et al., 1990). Culture of embryos of 
sunflower removed 5 days after pollination was largely 
unsuccessful (Vasiljevic et al., 1990). Immature zygotic 
embryos of sunflower inbred line Ha300 cultured on a modified 
MS medium containing BA and high amount of Sucrose, 
regenerated fertile plants via direct somatic embryogenesis 
(Jeannin and Hahne, 1991). 
Embryos of sunflower 7-12 days after pollination 
developed into calli on modified MS medium whereas, 
embryoids developed directly from the embryos when cultured 
on medium with 2,4-D (Antonova et al., 1991, 1992). Both 
organogenesis and somatic embryogenesis could be induced in 
immature embryo of sunflower, depending upon Sucrose 
concentration of the induction medium; shoots were induced at a 
concentration of 3%, while embryoids formed at 12%. Both 
morphogenic events were direct, without intervening callus 
formation (Jeannin et al., 1995). Direct somatic embryogenesis 
initiated from immature zygotic embryos of seven hybrids of 
sunflower on MS medium and number of somatic embryos 
explant and number of germinated somatic embryos showed 
differences with genotypes (Raducanu et al., 1995). Sucrose 
concentration plays an important role as a sole sugar for 
induction of somatic embryos and organogenesis from immature 
zygotic embryos of sunflower. Only organogenesis induced at 
the low molarity of Sucrose whereas, at high molarity a small 
number of embryogenic events were scored in addition to shoot 
induction (Jeannin e /a / . , 1995). 
2.7. Somatic Embryogenesis 
The regeneration process is related to the formation of 
adventitious bud start with "de novo" formation of meristematic 
center. Fertile plants can be regenerated from various explants 
of sunflower either through somatic embryogenesis, or 
organogensis. Both morphogenetic pathways can occur either 
directly from the explant or from a callus. 
Paterson and Everett (1985) reported somatic 
embryogenesis of sunflower inbreds from 12 days old seedlings 
hypocotyl cultured on MS with 6.9gm/l KNO3, 40mg/l Ads, 
500mg/l casamino acid, lmg/1 BA, lmg/1 NAA and O.lmg/1 GA3. 
Globular embryoids developed from cotyledon and hypocotyl 
calluses on 5mg/l Kn, lmg/1 NAA and 5mg/l thiamine 
supplemented MS medium (Piubello and Case, 1986). Embryoids 
were observed developed from vascular tissues of different 
explants on MS medium supplemented with Sucrose and BA 
(Knopp and Mix, 1986). A number of somatic embryos were 
induced on different concentration of BA and NAA from mature 
and immature embryos of sunflower in vitro (Power, 1987). 
Somatic embryos were produced from various explants using MS 
medium supplemented with different concentrations of auxins 
and cytokinins (Lupi et al., 1987). Somatic embryos were 
observed 6 days after culturing immature zygotic embryos on 
high Sucrose containing MS medium. The somatic embryos 
proliferated directly from the surface of zygotic embryos and 
germinated on low Sucrose and free medium (Finer, 1987). 
Immature embryos (0.1-5 mm) were incubated on a 
medium, which allows the differentiation of somatic embryo like 
structure (Freyssinet and Freyssinet, 1988). A high Sucrose 
concentration was favourable for the induction of somatic 
embryo and on Nitsch medium supplemented with Zeatin (0.5-
lOppm) and 17.5% Sucrose. Higher Zeatin with 2,4-D stimulated 
somatic embryogenesis but the embryos did not differentiate 
(Li et al., 1988). Somatic embryos were induced when thin 
layers of hypocotyl were incubated for 5 days in basal medium 
containing NAA and BAP in a ratio of 1:1. The epidermis with 
somatic embryo when transferred on Gamborg's medium 
containing a high level of Sucrose released from parental 
epidermis tissues (Pelissier et al., 1990). 
Addition of 2,4-D was found to be necessary to induce 
somatic embryogenesis and embryoid maturation whereas, the 
presence of ABA and BA allowed further embryoid development 
(Prado and Berville, 1990). Very similar initiative role of 2,4-D 
for somatic embryogenesis directly form the immature embryos 
of sunflower was observed the regenerative ability of plantlets 
developed form somatic embryos was found in few cases of 
cultured sunflower explants (Antonova et al., 1991). Indirect 
somatic embryogenesis was observed from leaf on MS media 
supplemented with 2.2mg/l BA, O.Olmg/1 NAA (Krasnyanski et 
al., 1992). Immature zygotic embryos of inbred line Ha300, 
cultured on modified MS medium containing BA and a high 
amount of Sucrose, regenerated fertile plants via somatic 
embryogenesis (Jeannin and Hahne, 1991). Callus obtained from 
immature zygotic embryos could be readily induced to form 
somatic embryoids under the influence of 2,4-D dose of lmg/1 in 
course of 4-7 days (Antonova et al., 1992). Direct somatic 
embryos were obtained by plating fragments of cotyledons from 
immature zygotic embryos on MS medium (Raducanu et al., 
1995). The number of somatic embryos increased with 
increasing concentration of Sucrose, from immature zygotic 
embryos (Jeannin et al., 1992). 
Thengane et al. (1994) reported somatic embryogenesis 
from anther culture, similar result had been reported by Zhong 
et al. (1995) by the addition of 0 .1% polyvinylpyrrolidone. Fiore 
et al. (1997) observed high frequency of somatic embryogenesis 
from cotyledonary explant on MS salts with 3% Sucrose, 
lOOmg/1 inositol, 5mg/l KNO3 lmg/1 NAA, lmg/1 BA and 
O.lmg/1 GA3. 
A review of the past literature on the work done in this 
plant undertaken for the present studies revealed that there are 
certain difficulties in redifferentiation of the callus into plant. 
With this aim in mind Helianthus annuus have been undertaken 
for present studies. 
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MATERIALS AND METHODS 
The present study deals with economically important oil 
yielding plant belonging to the family Asteraceae viz. 
Helianthus annuus L. and its four cultivated genotypes namely 
cv. PAC-308, cv. DK-3890, cv. Morden and cv. KBSH-1. The 
genotype cv. Morden is open pollinated crop in nature whereas, 
cv. KBSH-1, cv. PAC-308 and cv. DK-3890 are commercial 
hybrid. The certified seeds of such genotypes were procured 
from authentic centers like PAC-308 from Advanta India 
Limited, Secunderabad (Andhra Pradesh), DK-3890 from Parry 
Monsanto Seed P.V.T, Bangalore (Karnataka), KBSH-1 from 
National Seed Laboratory, lARI (New Delhi) whereas, cv. 
Morden obtained from Oil Seed Centre, C.S.A. University, 
Kanpur (Uttar Pradesh). The seeds of such genotypes were 
grown in vitro on hormone free MS medium as well as in glass 
house for present work. 
3 .1 . Chemicals 
All the chemicals used were of high purity obtained from 
Sigma Chemical Company (U.S.A.), SISCO Research 
Laboratory, BDH and Glaxo. 
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3.2. Glassware 
All the glassware used was of the borosilicate and obtained 
from either Borosil India or Corning Glass Company. 100ml and 
250ml flask and culture vessels made of borosil were used in 
present work. The glassware were soaked for four hours in 
potassium dichromate-sulphuric acid, washed vigorously under 
tap water. To dry the glassware placed in an oven at high 
temperature. 
3.3. Media 
In order to study various morphogenetic responses in 
Helianthus annuus, Murashige and Skoog's (1962) was used 
(Table-1). Growth and morhogenesis of plant tissues in vitro are 
largely governed by composition of culture media. Although the 
basic requirement of cultured plant tissues are similar to those 
of whole plant, in practice, nutritional component promoting 
optimum growth. The tissue culture media that influence the 
growth of various types of cells or explants and further help to 
achieve the regeneration of plants. 
3.3.1. Preparation of MS Stock Solution 
For preparation of stock solution constituents were mixed 
in appropriate quantity to make basal media. For MS medium 
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Tabie-1 
Composition of MS (1962) Medium 
A. Macronutr ients 
NH4NO3 
KNO3 
CaClj . 2H2O 
MgS04 . 7H2O 
K H , P 0 4 
Concentrat ion 
m e / U l x ) 
1650 
1900 
440 
370 
170 
Concentrat ion 
m e / i a O x ) 
16500 
19000 
4400 
3700 
1700 
Concentrat ion 
cm/iriOx) 
16.50 
19.00 
4.40 
3.70 
1.70 
B. Micronutr ients 
H3BO3 
MnS04 . 4H2O 
Zn SO4. 7H2O 
KI 
Na2Mo04. 2HjO 
CUSO4. 5H2O 
C0CI2. 6H2O 
Concentrat ion 
ma/Klx) 
6.2 
22.3 
8.6 
0.83 
0.25 
0.025 
0.025 
Concentrat ion 
ms/ l (10x) 
62 
223 
86 
8.3 
2.5 
.25 
.25 
Concentrat ion 
em/ l (10x) 
.062 
.223 
.086 
.0083 
.0025 
.00025 
.00025 
C. Iron const i tuents 
NaiEDTA. 2H2O 
FeS04. 7 H , 0 
Concentrat ion 
m s / K l x ) 
31.3 
27.8 
Concentrat ion 
me/iriOx) 
313 
278 
Concentrat ion 
em/KlOx) 
.313 
.278 
D. Vitamins 
M y 0 - i n 0 s i 101 
Nicot inic acid 
Pyridoxine HCl 
Thiamine HCl 
Glycine 
Concentrat ion 
m e / K l x ) 
100.0 
0.5 
0.5 
0.1 
2.0 
Concentrat ion 
me/lOOx) 
1000 
5 
5 
1 
20 
Concentrat ion 
em/KlOx) 
1.00 
.005 
.005 
.001 
0.02 
Table-2 
MS (1962) Medium for Stock Solution 
STOCK SOLUTION-I 
Macronutr ients 
M g S 0 4 . 7 H 2 0 
KH2PO4 
KNO3 
NH4NO3 
C a C I , . 2 H , 0 
Concentrat ion in mg/l 
7400 
3400 
38000 
33000 
8800 
STOCK SOLUTION-II 
Micronutr ients 
KI 
H j B O j 
Z n S 0 4 . 7 H 2 0 
M n S 0 4 . 4 H 2 0 
Na2!Vlo04.2H20 
CUSO4.5H2O 
C o C l , . 6 H , 0 
Concentrat ion in 
166 
1240 
1720 
446 
50 
5 
5 
mg/l 
STOCK SOLUTION-III 
Iron const i tuents 
F e S 0 4 . 7 H 2 0 
Na , .EDTA.2H20 
Concentrat ion in mg/I 
5560 
7460 
STOCK SOLUTION-IV 
Vitamins 
Myo-Inosi to l 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Glycine 
Concentrat ion in mg/l 
20000 
100 
100 
100 
400 
four stock solutions were prepared, consisting of (i) major salts 
(20x concentrations), (ii) miner salts (200x concentration), (iii) 
iron (200x concentration) and (iv) organic nutrients except 
sucrose (200x concentration). All the four stocks were prepared 
in one litre of double distilled water (Table-2). FeS04.7H20 and 
Na2EDTA.2H20 were dissolved separately in 450 ml distilled 
water by heating and constant stirring. These solutions were 
mixed with each other and distilled water was added to makeup 
the final volume to one litre. To prepare one litre of the 
medium, 50 ml taken from stock solution II and 5ml each of 
stock solution II, III and IV respectively were taken and double 
distilled water was added to make up final volume to one litre. 
The stock solution of the media was prepared and stored in 
refrigerator and is regularly checked for any precipitation or 
visible contamination and used within a month of its 
preparation. Double distilled water was used for preparation of 
stock solution. Various growth regulators and ethylene 
inhibitors were used. All the auxins were dissolved in a drop of 
absolute alcohol and cytokinins were dissolved in few drops of 
IM NaOH and made to final volume. 
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3.3.2. Solidifying Agent 
In present work gelling or solidifying agent used was agar 
agar to provide a support to tissue growing in static condition. 
Normally 0.5 -1.0 % agar agar was used to solidify the medium. 
3.3.3. Carbon And Energy Source 
Sucrose was used as most preferred carbon source. Sucrose 
concentration was taken differently for the requirement of each 
experiment. 
3.4. Aseptic Manipulation 
The most important and rather difficult aspect of the in 
vitro technique is the requirement to carry out various 
operations under aseptic conditions. The omnipresent bacteria 
and fungi are most common contaminant observed in cultures. 
Consequently tissue is killed due to release of metabolic wastes 
by contaminant which are toxic to plant t issue. Therefore to 
maintain aseptic manipulation several measures were taken. 
3.4.1. Sterilization of Culture Vessels And Instruments 
To sterilize the glassware and other accessories such as 
cotton plugs, gauze, filter papers and pipettes were wrapped in 
butter paper and autoclaved at 1 2 r c and 15psi for 15-20 
minutes due to which microbes were killed. The instruments 
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used for aseptic manipulations are usually made of metals such 
as forceps, scalpels, needles and spatulas were sterilized by 
dipping in 95% ethanol followed by flaming and cooling. 
3.4.2. Sterilization of Nutrient Media 
Culture media in culture vessels were sealed with cotton 
plug and then placed in gauze wrapped by butter paper. The 
gauze containing culture vessels were autoclaved at 15psi and 
1 2 r c for 15-20 minutes. 
3.4.3.Sterilization of Culture Room And Transfer Area 
(Inoculation Room And Laminar Flow) 
Culture room was cleaned by carefully wiping them with 
sodium hypochloride solution (2%) or by 95% ethyl alcohol. The 
process of sterilization of culture room was repeated at regular 
intervals. The inoculation room was sterilized by exposure of 
UV light and laminar air flow hoods were usually sterilized by 
switching on the light and blower motor and wiping the working 
surface with 95%ethanol 15 minutes before initiation of any 
operation. 
3.4.4.Sterilization of Plant Materials 
For obtaining in vitro germinated plantlets, the seeds were 
rinsed with 90% alcohol and kept in 0.1%HgCl2 for 5-lOminutes 
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and then washed 4 to 5 times with double distilled water and 
soaked for 24 hours before inoculation. After decoating seeds 
were germinated aseptically on agar gelled, hormones free 
Murashige and Skoog's (1962) medium. 
3.5.Technique of Inoculation, Excision And Transfer of 
Explants 
Explants were obtained from in vitro grown seedlings or 
from green house grown seedlings free from insects and disease 
infection. The explants like shoot tips and mature leaves 
collected from green house grown plants. Cotyledons were 
collected from 2, 4 and 6 days old seedlings. For obtaining 
cotyledonary explants, two attached cotyledons separated 
carefully without a part of primordial leaves from the tip of 
meristem. In case of small cotyledonary explant (about 2/3 of 
the total mass of both explants) entire meristem and radical were 
cultured. 
Mature embryos were excised from the physiologically 
matured seeds were cut when the pericarp was dark in colour and 
the cotyledons were fully formed but before the moisture content 
begin to decrease. 
All the explants viz. leaf (mature, immature), shoot tip, 
cotyledon, cotyledonary leaf, hypocotyl, mature embryo, stem, 
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root, were collected in a flask containing water. The material 
was washed thoroughly under tap water for about half an hour. 
They were then treated with cleaning agent i.e. 5% Teepol for 
about 4-8 minutes, and then washed with double distilled water 
5-6 times. For surface sterilization explants were kept in 0 .1% 
HgCl2 for 3-5 minutes and after 4-6 subsequent washings were 
given in sterilized double distilled water to remove the traces of 
HgCl2. 
3.6.Incubation 
After inoculation, the cultures were incubated in culture 
room. The light intensity at the level of cultures was 2500 Lux. 
The temperature of culture room was maintained 25+ 2°C. 
3.7.Observations And Data Collection 
The growth and development of tissues cultured in vitro 
generally monitored at regular interval in the culture room 
where they have been maintained under the controlled 
environmental conditions. 
3.7.1.HistochemicaI Techniques 
For histochemical studies, the material was fixed in FAA 
(1:1:18 formalin- acetic acid and absolute alcohol) and 
dehydration was done through alcohol-xylene series. The 
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embedding was done in paraffin wax. The blocks were cut by 
rotatory microtome at 8-10 microns. The ribbon of the sections 
were stretched and fixed on the slide. 
3.7.2.Callus Growth Estimation 
Growth of callus derived from various explants of 
sunflower was studied under the influence of growth substances. 
For quantitative studies the initial approximate weight of the 
inoculated callus was taken. The callus growth was measured in 
terms of fresh and dry weight at an interval of 7 days from 7-35 
days after the inoculation. Five replicates were set up for each 
experiment. Fresh weight of callus was taken after removal of 
agar and callus was blot dried. For dry weight analysis, the 
callus was dried in an oven for 48 hours at 55 +2°C. 
Quantitative analysis of growth is an essential element in 
many studies. Growth of the cell line was calculated in several 
ways to access the effect of these methods of analysis on 
interpretation of data. Growth rate was expressed in term of 
mass (W) and time (t). Blackman (1919) proposed that the 
equation of relative growth rate (R) is defined as-
W2 
R - In 
W, 
t 2 - t , 
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Where W2 = Final mass, Wi = Initial mass 
ti = Final time, t] = Initial time 
If R is constant, the equation is applicable only to experimental 
growing calli. However if R varies with time this equation yield 
a mean relative growth rate (R) (Causton, 1977). 
40 

OBSERVATIONS AND RESULTS 
In this important oil yielding plant, explants of different 
aged cotyledons, hypocotyl, first pair of leaf, cotyledonary leaf 
shoot tip, stem, mature leaf, root, mature embryo were 
inoculated on MS basal media supplemented with different 
growth regulators in order to standardize the techniques for 
callus induction. 
In all the experiments it was observed that all the explants 
responded to callus initiation when inoculated on MS medium 
supplemented with different growth regulators. The explants 
first started swelling from the exposed parts or the cut ends. The 
swelling started 3'^ '' day and callus initiation after 4-10 days of 
inoculation. It was observed that young explants and the 
explants taken from seedling grown in vitro responded earlier. 
Callus developed on different callus induction media were 
transferred on different hormonal combination to find out the 
regeneration potential or specific media for regeneration. 
4 .1 . Best Genotype , Explan t And Hormonal Requirement on 
Callus Induction 
To evaluate best genotype, explant and suitable hormonal 
requirement for initiation of callus from different explants, four 
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genotypes, nine explants and 21 different hormonal 
combinations were used in MS basal medium. It was observed 
that media supplemented with BAP (lmg/1) + NAA (1 mg/1) + 
2,4-D (lmg/1) found to be good for callusing. Various explants 
of Morden gave best responses (58.7%) on BAP (lmg/1) + NAA 
(lmg/1) + 2,4-D (lmg/1) by over all mean followed by KBSH-1 
(53.7%), PAC-308 (47.6%) and DK-3890 (46.2%). Amongst the 
explants, leaf at maturity gave least callus induction over all 
genotypes. Whereas, the hypocotyl explant gave the best callus 
induction responses in Morden (100.00%)) followed by KBSH-1 
(95.0%) and DK-3890 (71.6%) and PAC-308 (61.1%). First pair 
of leaf played important role in callus induction in Morden 
(96.0%) followed by cv. KBSH-1 (95.0%), PAC-308 (69.5%) and 
DK-3890 (68.2%) (Table-3). In general explants taken from the 
in vitro grown seedlings gave better responses than taken from 
green house grown seedlings (Fig. la-7d & 15f,g). 
Duration in days for callus initiation (CI ) , maximum 
callus induction (MC) and embryoid like formation (E) were 
studied in five explants of all the four genotypes. It was 
observed that KBSH-1 was early to initiate callus formation 8 
days of it's inoculation whereas, PAC-308 was late to initiate 
callus formation 10 days of its inoculation. Morden and DK-
3890 take 9 days to induce callus. Even the maximum callus 
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Table-3 
Callus Induct ion Frequency (%) From Various Explants of 
Different Genotypes on MS + BAP (Img/I) + NAA (lmg/1) + 
2,4-D (Img/I) 
(Based on two replicates of each) 
EXPLANT PAC-308 KBSH-1 DK-3890 Morden 
Cotyledon 
Matu re embryo 
Root 
Cotyledonary leaf 
Hypocotyl 
First pair of leaf 
Mature leaf 
Shoot tip 
Stem 
MEAN 
53.4 
42.7 
44.9 
44.2 
61.1 
69.5 
20.5 
45.8 
46.6 
47.6 
73.1 
52.6 
67.4 
44.1 
95.0 
95.0 
18.0 
64.6 
68.2 
53.7 
57.5 
17.7 
56.1 
21.4 
71.6 
68.2 
15.5 
42.9 
64.6 
46.2 
64.2 
49.7 
61.4 
39.4 
100.0 
96.0 
11.9 
46.5 
59.3 
58.7 
formation and embryoid like formation in KBSH-1 with 24 and 
40.8 days respectively was earlier than other genotypes 
(Table-4). 
In respect of explants hypocotyl took least number of days 
for callus initiation, maximum callus formation and embryoid 
like formation with 6, 19 and 38 days in KBSH-1 followed by 
leaf with 6, 20 and 40 days, in the same genotype for callus 
induction, maximum callus formation and embryoid like 
formation respectively. Callus initiation frequency was very late 
and very low by the mature embryo in all the varieties (TabIe-4). 
Through critical observation it has been found that 
presupposes of callusing revealed media with combination as 
MS + BAP (lmg/1) + NAA ( lmg/1) + 2,4-D ( lmg/1) gave the 
highest frequency of callus induction (80.2%) from first pair 
leaf in all the four genotypes, followed by MS + BAP (2mg/l) + 
2,4-D ( lmg/1) with 73.9 per cent and MS + BAP (2mg/ l ) + NAA 
(3mg/ l ) with 69.3 per cent (Table-3). MS medium without any 
hormonal combination, callus induction frequency was found to 
be nil whereas, the least callus induction was found on MS 
medium supplemented with BAP (0 .5mg/ l ) + Kn (0 .5mg/ l ) with 
17.0 per cent (Table-5). In almost all the cases callus induction 
was started with 4-7 days of inoculation. Amongst the genotype 
KBSH-1 first pair of leaf recorded highest frequency of callus 
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induction (49.7%) followed by Morden (46.8%) and PAC-308 
with 41.0 per cent. Whereas, the lowest callus induction amongst 
the genotype was found in DK-3890 with 38.5 per cent (Table-
5). Genotype PAC-308 given best response on MS medium 
supplemented with BAP (2mg/l) + NAA (3mg/l) with 69.9 per 
cent (Table-5). 
The nature of callus obtained from the first pair of leaf in 
Morden and PAC-308 on MS + BAP (lmg/1) + NAA (Img/) + 
2,4-D (lmg/1) was friable light green and nodular whereas, 
granular light yellow and nodular in KBSH-1 and whitish yellow 
nodular in DK- 3890 (Table-6) (Fig.3a-3d). 
4.2. Effect of Various Level of Cytokinins And Auxins on 
Callus Regeneration 
Various types of calli obtained from different genotypes 
and explants under the influence of different hormone 
combination were subcultured at a regular interval on various 
regeneration media containing BAP and Kn alone or with 
various concentrations of NAA. All the subculture treatments 
were critically observed. There was only one incidence of shoot 
regeneration in one of the hormonal treatment. However, certain 
morphogenetic changes Uke turning into green nodule \ike 
formation on media supplemented with MS + Sucrose (3%) + 
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BAP (2mg/l) + NAA (0.5mg/l) and Sucrose (3%) + Kn (2mg/l) + 
NAA (0.5 mg/1) was observed (Fig.7e,f). Nature of callus from 
Morden leaf was found to be changed into friable white after 
repeated subculturing on BAP (2mg/l) + NAA (0.5 mg/1) + 
Sucrose (3%) and BAP (5mg/l) + NAA (lmg/1) (Fig . l9a ,b) . 
Direct shoot initiation occurred in one case when immature leaf 
of Morden cultured on MS + BAP (5mg/l) + NAA (lmg/1) + 
Sucrose (3%) (Fig. 3 Id) . Unfortunately it was initiated from leaf 
petiole. Presence of BAP (1 and 2 mg/1) alone or in combination 
with NAA at 0.lmg/1 and 0.5mg/l did not make other significant 
improvement towards callus regeneration even after six 
subculturing of the calli from various sources like genotype, 
explant and media. Callus remained yellow friable and green in 
case of KBSH-1 and Morden (Table-7). 
4.3. Effect of BAP Alone or in Combination With NAA on 
Calli Regeneration From Various Genotypes 
This experiment was conducted with 3 doses of BAP (1,2 
and 5mg/l) and two doses of NAA (0.5 and lmg/1). 3% Sucrose 
was used as carbon source. In all the treatments calli of KBSH-1 
turned in friable light yellow callus whereas, calli of Morden 
turned into compact creamy white callus. Higher doses of BAP 
i.e. 5mg/l when supplied with NAA (lmg/1), the calli 
transformed into friable green nodular callus (Fig.8 a-c & 9a-e). 
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Table-7 
Effect of Various Cytokinins And Auxins on Callus 
Regeneration 
MS + Cytokinins + Auxins 
(mg/I) 
Nodule like 
formation 
Shoot 
induction 
Root 
initiation 
MS + BAP (0.1) 
MS + BAP (0.5) 
MS + BAP (1) 
MS + BAP (2) 
MS + Kn (0.1) 
MS + Kn.(0.5) 
MS + Kn (1) 
MS + Kn (2) 
MS + BAP (1) + NAA (0.1) 
MS + BAP (1) + NAA (0.5) 
MS + BAP (2) + NAA (0.1) 
MS + BAP (2) + NAA (0.5) 
MS + Kn (1) + NAA (0.1) 
MS + Kn (1) + NAA (0.5) 
MS + Kn (2) + NAA (0.1) 
MS + Kn (2) + NAA (0.5) 
No Response, + Poor Response, 
Although sign of shoot bud differentiation was not observed, on 
any of the given treatment (Table-8). 
4.4. Effect of Ethylene Inhibitor on Callus Regeneration 
This experinnent was conducted to know the effect of 
ethylene inhibitor like AgNOs in six levels (0.5, 1.0, 2.0 5.0, 
10.0 and 20.0 mg/1) and C0CI3 in three levels like 5.0, 1.0 and 
0.5 mg/1 at a fixed level of BAP (2mg/l) plus NAA (0.5 mg/1) on 
regeneration of calli obtained from various sources like 
genotype, explant and media. Sucrose was used in 3%. Results 
indicated that AgNOs at the level of 1,2 and 5mg/l in presence 
of 5 and Img/1 C0CI3 resulted rhizogenesis. Higher doses of 
AgNOs (10 and 20 mg/l) and later subcultured calli of various 
genotypes started browning and degenerating after 3"^ ^ week of 
subculturing (Table-8) (Fig.lOa-h & 8d). 
4.5. Effect of BAP And GA3 on Callus Regeneration 
This experiment was conducted to find out the effect of 
BAP and GA3 on callus regeneration. For this purpose 5 levels 
of BAP (1,2,3,4 and 5 mg/1) along with GA3 (1,2,3,4 and 5 mg/1) 
was used on regenerability of calli generated from various 
explant, genotypes and media. It was observed that hypocotyl 
callus of KBSH-1 developed on MS + BAP (lmg/1) + GA3 
(lmg/1) although the frequency of regeneration was very low and 
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the calli obtained from other explants did not regenerate, 
however several callus showed nodular and shoot bud like 
structures on various MS + BAP and GA3 supplemented medium. 
Most of the calli turned light green in colour and nodular in 
nature when transferred on BAP and GA3 fortified MS medium 
(Table-8). Development of embryoid like structures was 
observed but most of which failed to develop normally 
(Fig. 1 la-e) . 
4.6. Effect of 2,4-D Under Normal And High Level of Sucrose 
on Callus Regeneration 
This experiment was carried out to know the effect of 
Sucrose at two levels (3 and 6%) and 2,4-D in three levels (0, 
0.5 and 1.0 mg/1) on regeneration of calli obtained from 
different explants. The treatment combinations were super 
imposed on presence of either auxin or cytokinin or both in 
different doses. It has been observed that 2,4-D doses higher 
than 0.5 mg/1 rendered browning of the callus and leading to 
early degeneration. Genotype PAC-308 was able to tolerate 2,4-
D even up to lmg/1 without showing sign of degeneration 
(Table-8). The presence or absence of auxins, cytokinins or both 
and two level of Sucrose did not make any remarkable change in 
callus regeneration (Fig. l2a-f & 13a-i). 
4.7. Effect of Zeatin in Presence of BAP, NAA, lAA, Kn, GA3, 
ABA, KNO3 And Inositol on Calli Regeneration 
This experiment was conducted to know the effect of Zeatin in 
presence of various hormones and three doses of sucrose 
(3%,4.5% and 6% ) on calli regeneration from callus of various 
explants. It was observed that calli of KBSH-1 turned into green 
nodular structure first week of subculture and rhizogenesis was 
observed fourth week of subculture on MS + sucrose (3%) + 
BAP (lmg/1) + NAA (O.lmg/1) + lAA (lmg/1) + GA3 (lmg/1) + 
ABA (5mg/l) + Kn(lmg/1) + inositol (150mg/l) + KNO3 
(2.5mg/l) + Zeatin (2mg/l), whereas, in the same medium calli of 
Morden turned into compact light green and nodular structure 
and after 4"^ subculture shoot were initiated from this callus. 
Calli of KBSH-1 and Morden were get transformed into friable 
light green nodular or compact light green nodular structure but 
no sign of shoot regeneration was observed on this combination 
(Table-8). Similar results were obtained when MS medium was 
supplemented with sucrose (4.5%) + BAP (lmg/1) + NAA 
(lmg/1) + 2,4-D (0.5mg/l) + lAA (lmg/1) + GA3 (lmg/1) + ABA 
(lmg/1) + inositol (150mg/l) + KNO3 (5mg/l) + Kn ( lmg/l )+ 
Zeatin (5mg/l) and MS + sucrose (6%) + BAP (lmg/1) + NAA 
(lmg/1) + 2,4-D (lmg/1) + lAA (lmg/1) + GA3 (lmg/1) + ABA 
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(lmg/1) + inositol (150mg/l) + Kn (lmg/1) + KNO3 (5mg/l) + CH 
(lOOmg/1) + Zeatin (5mg/l) (Fig. 14a-d, 15d,e & 19c,d). 
4.8. Effect of ABA in Present of Inositol, KNO3, BAP, NAA 
And GA3 in MS Medium on Callus Regeneration 
In this experiment ABA was added in two doses ( l -5mg/ l ) 
and inositol was increased to 150mg/l and KNO3 to 2 .5mg/ l . 
Critical observation showed green nodule like embryogenic 
callus was visualized in most of the genotypes. But there single 
shoot initiation observed unfortunately from the calli of Morden 
on MS medium supplemented with sucrose (3%) + BAP (lmg/1) 
+ NAA (0.lmg/1) + GA3 (lmg/1) + ABA (5mg/I) + inositol 
(150mg/l) + KNO3 (2.5mg/l). Whereas, others calli did not 
showed any significant improvement (Table-8) (Fig.16 a-c). 
4.9. Effect of FA, ABA, CH, Inositol And KNO3 in Presence 
of NAA And BAP on Calli Regeneration 
This experiment was conducted to find out the effect of FA 
(0.5 and lmg/1), ABA (0.5mg/l), CH (0.5 and lmg/1), KNO3 
(5mg/l) in presence of BAP (0.5, 1 and 2mg/l) and NAA (0.5 and 
lmg/1) was used in different combination. In most of the cases 
nature of transferred calli was found to be friable light green or 
compact light yellow. It was observed that when FA (0.5mg/l) + 
CH (0.5mg/I) + inositol (5mg/l) + BAP (0.5mg/l) + NAA (lmg/1) 
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+ KNO3 (5mg/l), rhizogenesis was observed after 3'"'' subculture 
in both genotypes (KBSH-1 and Morden) which were again 
transformed into callus after fifth subculture (F ig . l4h) . When 
calli was transferred on FA (lmg/1) + CH (lmg/1) + KNO3 
(5mg/l) + NAA (lmg/1) + BAP (lmg/1) + inositol (5mg/l) 
suddenly initiated shoot from callus derived from cotyledons of 
Morden after 3'^ subculture, although the shoot did not further 
differentiated and elongated (Table-8) (F ig . l4e) . 
4.10. Effect of Biotin in Presence of KNO3, FA, CH, ABA, 
BAP And NAA on Calli Regeneration 
Biotin was used in single dose (0.25mg/l) with various 
concentrations of BAP (0.5, 1 and 2mg/l), NAA (0 .1 , 0.5 and 
lmg/1), FA (0.5mg/l), CH (0.5mg/l) and KNO3 (5mg/l) and 
sucrose in a fixed concentration (4%) was used to see the effect 
on calli regeneration from various explants of various 
genotypes. Through critical observation it has been found that 
most of the calli of KBSH-1 turned into friable light green in 
colour whereas, calli of Morden turned into compact light green 
in nature. In one of the experiment when MS medium was 
supplemented with BAP (lmg/1) + NAA (0.5mg/l) + ABA 
(0.5mg/l) + FA (0.5mg/l) + CH (0.5mg/l) + Biotin (0.25mg/l), 
the calli of KBSH-1 turned into green nodular in nature followed 
by rhizogenesis (Fig.17a). No sign of shoot regeneration was 
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observed in any of treatment even after six subculturing (Table-
8) (F ig . l7a-d) . 
4.11. Effect of Increased Level of Sucrose in Presence of 
Zeatin And CH on Calli Regeneration 
Higher doses of sucrose (10 and 5%) in the presence of 
two doses of Zeatin (5 and 10 mg/i) besides the presence of 
NAA, BAP, GA3, CH and ABA on regenerability of sunflower 
calli of various sources. 
Observation and results indicated that in the second and 
third subculture, KBSH-1 calli turned light green nodular 
structures. Whereas, on higher doses of sucrose (10%) 
rhizogenesis was observed (Fig.15a). Root initiation was also 
observed from KBSH-1 calli followed by shoot emergence on 
sucrose (5%) with Zeatin (lOmg/1) (Fig. l8f) . Calli of Morden 
are mostly turned into compact light green nature. However only 
in one case higher dose of sucrose (10%), nature of callus was 
friable light green and initiation of several shoot bud was 
observed (Fig. 18c). Thus no significant improvement towards 
further differentiation of shoot bud was observed in this 
experiment whereas, wide range of sources like genotypes, 
explants and several callus from induction media when 
subculturing as many as six times on various regeneration media 
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composition did not lead to shoot regeneration (Table-8) 
(Fig. l8a-f) . 
4.12. Callus Growth 
The callus raised from different explants of Morden 
genotype was subcultured on MS medium supplemented with 
different auxins like lAA, IBA, NAA and 2, 4-D, cytokinins like 
Kn and BAP for the study of growth parameters. Auxins and 
cytokinins were taken in three doses (1,2 and 5mg/l). All the 
auxins were taken in combination of Kn (0.05 mg/1) while 
cytokinins were taken in combination of lAA (0.05mg/l) . 
Initially a known amount of callus was inoculated in each 
flask, which was inoculated in dark 24+2°C. The callus growth 
was measured weekly in terms of fresh weight and dry weight up 
to 5 weeks. The relative growth rate was also calculated 
providing more information for comparative studies. It was 
observed in majority of cases that callus growth was slow up to 
14 days of inoculation and then increased in 21 days to 35 days 
of inoculation and then there was a stationary phase. 
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4.12.1. Effect of Auxins on Callus Growth 
Effect of various auxins like lAA, NAA, IBA, 2,4-D (1,2 
and 5mg/l) on callus growth was studied. Basal MS medium 
supplemented with Kn was used as control for comparison. 
200+lOmg callus of Morden was inoculated in each flask. 
The fresh weight of calli on MS basal medium were measured as 
221mg, 595mg, 1047mg, 1189mg and 1332mg and dry weight as 
15mg, 32mg, 61mg, 69mg and 79mg after 7, 14, 2 1 , 28 and 35 
days of inoculation respectively. The mean relative growth rate 
increased sharply in 14 days, which was 0.07 day"' (Table-9). 
The fresh weight recorded on MS medium supplemented 
with lAA (1 , 2 and 5mg/l) was recorded as 191 Img, 2437mg and 
2120mg after 35 days of inoculation. The dry weight was also 
maximum in media supplemented with lAA 2mg/l. The dry 
weight in lAA (1 and 5mgl/) supplemented media was found to 
be similar 125mg and 125 mg respectively. This indicated that 
lAA (2mg/l) was most optimum for callus growth in Morden 
(Table-9). 
The mean relative growth was maximum in 14 days i.e. 
0.12 days'", 0.14 day"' and 0.17 days"' in lAA (1,2 and 5mg/l) 
supplemented media respectively. The mean relative growth rate 
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decreased further in all concentration but up to 35 days it was 
maximum in media supplemented with lAA (2mg/l) (Table-9). 
In NAA supplemented media the fresh weight increased 
from lower to higher concentration (1,2 and 5mg/l). The fresh 
weight of calli was found to be 1816mg, 2324mg and 2725mg 
and dry weight were as l l l m g , 134mg and 166mg after 35 days 
of inoculation on NAA (1,2 and 5 mg/1) respectively (Table-9). 
The mean relative growth rate was maximum day' ' in 14 
days on NAA (5mg/l), which was decreased in 21 days and 
further decreased up to 35 days. In 35 days mean relative growth 
rate on NAA (2 and 5 mg/1) were equal (0.07 day"') on IBA 
supplemented media the fresh weight was found to be 1905mg, 
1787mg, 2328mg and dry weight 89mg, 119mg and 122mg after 
35 days of inoculation on 1,2 and 5 mg/1 IBA supplemented 
media. This indicated that callus grew more on media containing 
IBA (5mg/l). 
The mean relative growth rate was found to be maximum in 
14 days (0.14 day ' ' ) on IBA (5mg/l) concentration, which was 
declined by 35 days (Table-9). 
The callus grew well on 2,4-D (5mg/l) concentration. The 
fresh weight were recorded as 1602mg, 1788mg and 2373mg and 
dry weight as 88mg, 113mg and 126mg after 35 days of 
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inoculation on MS basal medium supplemented with 2,4-D (1,2 
and 5mg/l) respectively (Table-9). 
The mean relative growth rate was maximum in 14 days 
i.e. 0.09 day"', 0.14 day' ' on 2,4-D (1,2 and 5mg/l) 
concentration respectively which decreased by 35 days 
(Table-9). 
4.12.2. Effect of Cytokinins on Callus Growth 
This experiment was conducted with Morden to find out 
callus growth in term of relative growth rate / day. Effect of 
cytokinins like Kn and BAP (1,2 and 5 mg/1) on callus growth 
was studied. Basal MS medium supplemented with lAA (0.05 
mg/1) was used as control for comparison (Table-10). 
In Morden initially 200+lOmg callus was inoculated. The 
fresh weight in control set were recorded as 211mg, 359mg, 
1120mg, 1185mg and 573mg and dry weight as 10 mg, 18mg, 
57mg, 76mg and 42mg after 7, 14, 21 , 28 and 35 days of 
inoculation. This indicated that the growth gradually increased 
up to 28 days and then decreased in 35 days in terms of fresh 
weight as well as dry weight (Table-10). 
The mean relative growth rate was maximum i.e. 0.11 day' ' 
in 21 days and further decreased up to 35days when the effect of 
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Kn on callus growth was studied the fresh weights were 
measured as 3659mg, 4415mg and 3649mg and dry weight as 
220mg, 212mg and 191mg after 35 days of inoculation on Kn 
(1,2 and 5mg/l). This indicated that the most optimum 
concentration for callus growth is Kn (2mg/l) followed by Kn 
(lmg/1) for fresh weight (Table-10). 
The mean relative growth rate was maximum (0.12day"') in 
14 days on 2mg/l Kn and it was 0.11 day' ' in 21 days on 5mg/l 
Kn, which decreased further up to 35 days (Table-10). 
When the effect BAP was studied, the fresh weights were 
recorded as 2672mg, 2266mg and 1952mg and dry weights as 
135mg, l lOmg and 102 after 35 days of inoculation on 1,2 and 
5mg/l BAP supplemented media. This has shown that BAP 
(lmg/1) is optimum to support callus growth (Table-10). 
4.13. Effect of Auxins / Cytokinins on Callus Initiation 
This experiment was conducted with four explants 
(cotyledon, hypocotyl, stem and leaf) of Morden to see the 
effect of different growth regulators on callus induction. 
Murashige and Skoog's medium supplemented with auxins and 
cytokinins alone or in combination were used to study their 
effects on callus initiation. 
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4.13.1. Effect of Auxins 
lAA (1 and 2mg/l) alone in the media could induce poor 
callus from all the explants except leaf and stem explants on 
lAA (lmg/1) alone. lAA (2mg/l) in combination with Kn 
(0.05mg/l) (Table-11) showed good callus induction from 
cotyledons, stem and leaf. lAA (5mg/l) plus Kn (0.05mg/l) 
showed very good callusing in all the four explants (Table-11). 
When the medium was supplemented with IBA (1 and 2mg/ l ) 
alone poor callus induction from different explants was 
achieved. IBA (lmg/1) plus Kn (0.05mg/l) induced good callus 
from cotyledon and leaf explants. All four explants showed good 
callus induction on IBA (2mg/l) with Kn (0.05 mg/1) and the 
higher concentration of IBA (5mg/l) with Kn (0.05 mg/1) 
induced good callus from hypocotyl, cotyledons and leaf poor 
callus induction from the stem (Table-11). 
NAA alone in concentration of 1 and 2mg/l showed poor 
callus induction from all four explants but NAA (2mg/l) showed 
good callus induction from cotyledonary explant. Good callus 
induction was achieved when NAA was supplemented with low 
concentration of Kn and very good callus induction was 
achieved from cotyledon, stem and leaf explants on NAA 
(5mg/l) with Kn (0.05 mg/1) supplemented media (Table-11). 
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Table-11 
Response of Different Explants of cv. Marden on Basal MS 
Medium And Var ious Auxin For Cal lus Induc t ion 
MS + Auxins + Cytokinin 
(mg/1) 
Cotyledons Hypocotyl Stem Leaf 
MS + lAA (1) 
MS + lAA (2) 
MS + lAA (1) + Kn (0.05) 
MS + lAA (2) + Kn (0.05) 
MS + lAA (5) + Kn (0.05) 
MS + IBA (1) 
MS + IBA (2) 
MS + IBA (1) + Kn (0.05) 
MS + IBA (2) + Kn (0.05) 
MS + IBA (5) + Kn (0.05) 
MS + NAA (1) 
MS + NAA (2) 
MS + NAA (1) + Kn (0.05) 
MS + NAA (2) + Kn (0.05) 
MS + NAA (5) + Kn (0.05) 
MS + 2,4-D (1) 
MS + 2,4-D (2) 
MS + 2,4-D (1) + Kn (0.05) 
MS + 2,4-D (2) + Kn (0.05) 
MS + 2,4-D (5) + Kn (0.05) 
+ 
+ 
+ + 
++ 
+++ 
+ 
+ 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + + 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
++ 
+ + 
+ 
+ 
++ 
+ + 
+ + 
+ 
-I-
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
++ 
+ 
+ 
+ 
+ + 
+ + 
+++ 
+ 
+ 
++ 
+++ 
+ 
++ 
++ 
+++ 
+ 
-I-
++ 
+ + 
+ + 
+ 
+ 
+ + 
+ 
+ + + 
+ 
-I-
+ + + 
++ + 
++ 
No Response, + Poor Response, ++ Moderate, +++Good Response 
2,4-D alone induced poor callus from all the explants and 
good callus from hypocotyl and leaf. Good callus induction was 
achieved from leaf and stem on 2,4-D (2mg/l) with Kn 
(0.05mg/l) however, hypocotyl showed poor callus induction on 
all the three concentrations of 2,4-D with Kn (Table-11). 
4.13.2. Effect of Cytokinins 
Cytokinins like Kn and BAP alone and in combination of 
lAA (0.5 mg/1) were tested for initiation of callus from four 
explants of Morden. 
Kn alone in the medium induced very poor callus but in 
combination with lAA (0.5 mg/1) the callus induction enhanced 
and the optimum concentration for callus induction was Kn 
(2mg/l) with lAA (0.5mg/l), which induced very good callus 
from cotyledon and good callus from hypocotyl and leaf 
(Table-12). 
BAP alone also induced callus but poorly in combination 
with lAA, the callus induction enhanced and very good callus 
was achieved from hypocotyl and leaf on BAP (2mg/l) with lAA 
0.5 mg/1 (Table-12). 
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Table-12 
Response of Different Explants of cv. Morden oh Baisal 
MS Medium And Various Cytokinins For Callus 
Induction 
M S + C y t o k i n i n + A u x i n 
(mg/1 ) C o t y l e d o n s H y p o c o t y l S t e m L e a f 
MS + Kn (1) 
MS + Kn (2) 
MS + Kn (5) 
MS + Kn (1) + lAA (0.5) 
MS + Kn (2) + lAA (0.5) 
MS + Kn (5) + lAA (0.5) 
MS + BAP (1) 
MS + BAP (2) 
MS + BAP (5) 
MS + BAP (1) + IAA (0.5) 
MS + BAP (2) + IAA (0.5) 
MS + BAP (5) + IAA (0.5) 
+ 
+ 
+ + + 
+ 
+ + 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
++ 
+++ 
+ 
+ 
++ 
+ 
+ 
++ 
+ + 
+ 
+ 
+ 
+++ 
-- No Response, + Poor Response, ++ Moderate, +++Good Response 
4.14. Effect of Auxins/ Cytokinins on Xylogenesis 
This experiment was conducted with various concentration 
of auxins and cytokinins supplemented MS basal media for 
studying their effects on the growth and differentiation of 
treachery elements in the callus of Morden. 
4.14.1. Effect of Auxins on Xylogenesis 
When the auxins were added to the low concentration of 
Kn (0.5mg/l) in the majority of cases good xylogenesis was 
observed. While lAA (2mg/l) and IBA (5mg/l) supplemented 
media showed very good xylogenesis (Fig.20b & 21a). IBA 
(lmg/1) and 2,4-D (lmg/1) showed poor xylogenesis (Table-13). 
4.14.2. Effect of Cytokinins on Xylogenesis 
This experiment was carried out with the two cytokinins 
(BAP and Kn) in 3 concentrations (2,5 and 10 mg/1) alone or 
with single dose of lAA (lmg/1) to study the differentiation of 
treachery element from callus of Morden. 
When Kn and BAP added singly in order to see their 
effects on xylogenesis. Good xylogenesis was observed on all 
concentrations of Kn and BAP supplemented media. When lAA 
(lmg/1) was added with Kn and BAP slight enhancement was 
recorded in xylogenesis i.e. Kn (2mg/l) and BAP (5mg/l) along 
59 
Tab le -13 
Response of Var ious A u x i n s / C y t o k i n i n s S u p p l e m e n t e d MS 
Basal Media For X y l o g e n e s i s in Cal lus of cv. M o r d e n 
MS+ Auxins/ Cytokinin 
(mg/l) 
MS + NAA (1) + Kn (0.5) 
MS + NAA (2) + Kn (0.5) 
MS + NAA (5) + Kn (0.5) 
MS + lAA (1) + Kn (0.5) 
Response 
++ 
++ 
++ 
++ 
MS + lAA (2) + Kn (0.5) 
MS + IAA(5) + Kn (0.5) 
MS + IBA (1) + Kn (0.5) 
MS + IBA (2) + Kn (0.5) 
MS + IBA (5) + Kn (0.5) 
MS + 2,4-D (1) + Kn (0.5) 
MS + 2,4-D (2) +Kn (0.5) 
+++ 
++ 
+ 
++ 
+++ 
++ 
+ Poor Response, ++ Moderate, +++Good Response 
Table-14 
Response of Var ious Cytokin ins / Auxins Supplemented MS 
Media For Xylogenesis in Callus of cv. Morden 
MS + Cytokinin / Auxins 
(mg/1) 
Response 
MS + Kn (2) 
MS + Kn (5) 
MS + Kn (10) 
MS + BAP (2) 
MS + BAP (5) 
MS + BAP (10) 
MS + Kn (2) + lAA (1) 
MS + Kn (5) + lAA (1) 
MS + Kn( lO) + lAA (1) 
MS + BAP (2) + lAA (1) 
MS +BAP (5) + lAA (1) 
MS + BAP (10) + lAA (1) 
++ 
++ 
++ 
++ 
++ 
++ 
+++ 
++ 
++ 
+ + 
++ + 
+ + 
+ Poor Response, ++ Moderate, + + + Good Response 
with lAA (lmg/1) showed very good xylogenesis (Table-14) 
(Fig.20a,c,d). 
4.15. Effect of Auxins/Cytokinins on Rhizogenesis From 
Callus 
4.15.1. Effect of Auxins on Rhizogenesis From Callus 
This experiment was conducted with auxins (NAA, 2,4-D, 
IBA and lAA) in three concentrations (1,2 and 5 mg/1) with 
constant level of Kn (0.5mg/l) to find out the rhizogenic 
responses in calli of Morden. 
Fairly good response of root initiation was observed. 
Among auxin supplemented media 2,4-D (5mg/l) was found to be 
best for root differentiation along with Kn (0.5mg/l) . lAA and 
NAA both induced root differentiation on concentration of 2, 
and 5 mg/1 along with Kn, and IBA (5mg/l) along with Kn 
(Table-15) (Fig. 21b & 22a-d). 
4.15.2. Effect of Cytokinins on Rhizogenesis From Callus 
In this experiment two cytokinins (BAP and Kn) were used 
in three concentrations (2,5 and 10 mg/1) alone or in 
combination with lAA in single dose (lmg/1) to find out 
rhizogenic response from calli of Morden. 
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Table-15 
Response of Various Auxins Alone or in Combinations 
With Cytokinins For Rhizogenesis in cv. Morden 
MS + Auxins + Cytokinins 
(mg/1) 
MS + NAA(lmg/l) + Kn (0.5mg/l) 
MS + NAA(2mg/l) + Kn (O.Smg/l) 
MS + NAA(5nig/l) + Kn (O.Smg/l) 
MS + IAA(lmg/l) + Kn (0.5mg/l) 
Response 
--
+ 
++ 
--
MS + IAA(2mg/I) + Kn (0.5mg/l) 
MS + IAA(5mg/l) + Kn (0.5mg/l) 
MS + IBA(lmg/l) + Kn (0.5mg/l) 
MS + IBA(2mg/l) + Kn (0.5mg/l) 
MS + IBA(5mg/l) + Kn (0.5mg/I) 
MS + 2,4-D (lmg/1) + Kn (0.5mg/I) 
MS + 2,4-D (2mg/I) + Kn (0.5mg/l) 
MS + 2,4-D (5mg/l) + Kn (0.5mg/l) 
+ 
++ 
--
--
+ 
+ 
+ 
4-+ + 
No Response, + Poor Response, ++ Moderate, +++Good Response 
Table-16 
Response of Various Cytokinins Alone or in Combination 
With Auxins For Rhizogenesis in cv. Morden 
MS + Cytokinins + Auxins 
(mg/I) 
Response 
MS + Kn (2) 
MS + Kn (5) 
MS + Kn (10) 
MS + BAP (2) 
MS + BAP (5) 
MS + BAP (10) 
MS + Kn (2) + lAA (1) 
MS + Kn (5) + lAA (0.5) 
MS + Kn (5) + lAA (1) 
MS + Kn (10) + lAA (1) 
MS + BAP (2) + lAA (1) 
MS + BAP (5) + lAA (0.5) 
MS + BAP (5) + lAA (1 ) 
MS + BAP (10) + l A A ( l ) 
+ 
+ 
+ 
++ 
++ 
+ 
++ 
+ 
++ 
No Response, + Poor Response, ++ Moderate 
When Kn and BAP were supplemented alone without any 
auxin, the Kn (2, and 5mg/l) showed root differentiation, while 
BAP (2mg/l) only could induce root differentiation with the 
addition of lAA (lmg/1) in Kn and BAP supplemented media , 
the root differentiation noted on Kn (2 and 5mg/l) plus lAA 
(lmg/1) and BAP (2 and 5mg/l) plus lAA (lmg/1) supplemented 
media (Table-16) (Fig. 15b,c, 16d &21c). 
4,16. Embryo Culture 
The excised embryos containing, radicle, meristem and 
leaf primordia were cultured on regeneration media which 
consists of MS salts modified as follows- insitol (lOOmg/1), 
glycine (2mg/l), nicotinic acid (1.5mg/l), pyridoxine HCl (0.5 
mg/1), thiamine HCl (0.5mg/l), FA (0.5mg/l) and Biotin 
(0.25mg/l). The level of KNO3 was raised from 1.9gm to 6.9gm. 
Ads (40mg/l), BAP (0.5mg/l) and NAA (0.lmg/1) were added to 
the medium. The pH of the medium was adjusted to 5.5 and the 
cultures were grown at 25+2*'C with 18 hours photoperiod. No 
initial dark period was provided. Out of the four genotypes 
(Morden. KBSH-I, DK-3890 and PAC-308) only KBSH-1 
produced shoots with enlarged leaves from the main meristem 
(Fig. 23d). Dark callus like protrusion was also induced (Fig. 
23a). The success of embryo culture was observed at a frequency 
of less than.10%. Some embryo did not germinate and produced 
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only undifferentiated callus. However, the regenerated shoots 
were successfully rooted on rooting medium and grown to 
maturity. 
The immature embryos were also cultured on medium (MS 
+ sucrose 9% + BAP 0.5mg/l) incubated in dark unlike mature 
embryo, which do not need dark even in the initial stage of 
development. After 2-3 weeks enlarged embryos were 
transferred to the second medium (MS + sucrose 3% + BAP 
O.lmg/1) incubated in light dark condition with 18hr. 
photoperiod. Plantlets developed on the medium within 2-3 
weeks (Fig. 23b,c). They were transferred to the rooting medium 
(MS + 3% sucrose + lmg/1 AC + 0.2mg/l lAA). Adequate 
rooting was observed within 15 days. Rooted plantlets were 
successfully transferred to the soil. 
4.17. MICROPROPAGATION 
4.17.1. Meristem Culture 
Growing meristems were collected from four genotypes 
(PAC- 308, Morden, DK-3890 and KBSH-1) on 3' ' ' day of seed 
germination i.e. just one day before the seedling shed their seed 
husk. Cotyledon and radicle portion were then cultured on MS + 
NAA (0.5mg/l) allowed the meristem to grow into plantlets. MS 
+ Kn (4mg/l) + IBA (lmg/1) also permitted meristem to grow 
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into a plantlet in all the four genotypes. 20 meristems in each of 
four genotypes were cultured successfully. But MS medium 
fortified with BA (2mg/l) alone or with NAA (Img/l ) tended to 
promote callusing. It has been observed that callus formed from 
the cut end of growing plantlets. 
4.17.1.1. Effect of Different Cytokinins And Their Levels on 
Induction of Multiple Shoots/ Cultured Shoot Tips 
in Four Genotypes 
Induction of multiple shoots in sunflower was studied in 
two parts. In first part only two cytokinins (BAP and Kn) at 
different levels were studied with four varieties. 
In second part four auxins (lAA, NAA, IBA, and 2,4-D) 
each at lmg/1 were imposed on single dose of 2mg/l of two 
cytokinins. Results indicated that induction of multiple shoots/ 
cultured shoot tip on Kn over all levels gave significantly 
highest (3.39) number of shoots/cultured shoot tip over all 
levels. Kn, 4mg/l gave significantly highest (5.10) number 
shoots/ cultured shoot tip, while Kn at lmg/1 gave significantly 
least number of shoots (2.02) per cultured shoots tip (Table-17). 
Increase in Kn level over the above 4mg/l did not help in 
increasing the number of shoots and in fact reduced the number 
of shoots/ cultured shoot tip (Table-17) (Fig.24a-d). 
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The number of shoots/cultured shoot tip in Kn (lmg/1) and 
Kn (5mg/l) were on par with 2.02 and 2.25 shoots/ cultured 
shoot tip respectively. Similarly the number of shoots induced at 
2 and 3 mg/1 Kn was 3.85 and 3.70 were also on par (Table-17). 
A very similar trend was also noticed with BAP gave 4.22. 
Shoots/ cultured shoot tip at 4mg/l compared to 1.50 and 1.62 
shoots/ shoot tip at 6mg/l and lmg/1 (Fig.25a-d). Amongst the 
genotype Morden responded better with 3.85 shoots/cultured 
shoot tip over the levels of Kn and BAP followed by KBSH-1 
(3.18), PAC-308 (2.97) and DK-3890 (1.77). Performance of 
genotypes over levels of Kn or BAP was similar trend except 
PAC- 308 was second best variety in case of Kn and KBSH-1 in 
case of BAP (Table-17). 
Amongst the interaction effect, Morden at 4mg/l of Kn 
gave significantly highest number of shoots (6.8) per cultured 
shoot tip followed by PAC- 308 in Kn 4mg/l (6.1) (Table-17) 
Similarly Morden x BAP (4mg/l) gave 5.7 shoots/cultured shoot 
tip followed by KBSH-1 xBAP (4mg/l) gave 4.6 shoots/ cultured 
shoot tip (Table-17). KBSH-1 gave 4.1 shoots/cultured shoot tip 
on Kn (4mg/l) whereas, DK-3890 gave 3.4 shoots/ cultured shoot 
tip. When BAP 4mg/l was supplemented to MS medium PAC-308 
gave 4.2 shoots/cultured shoot tip whereas, DK-3890 gave 2.4 
shoots/cultured shoot tip(Table-17) 
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Table-17 
Effect of Different Cytokinins And Their Levels on 
Induction of Multiple Shoots/ Cultured Shoot Tips in 
Different Genotypes of Sunflower. 
(Based on two replicates of each) 
MS+ C y t o k i n i n s 
(mgl) 
BAP (1) 
BAP (2) 
BAP (3) 
BAP (4) 
BAP (5) 
BAP (6) 
Mean 
Kn (1) 
Kn (2) 
Kn (3) 
Kn (4) 
Kn (5) 
Mean 
Over all mean 
PAC-308 
2.1 
1.2 
3.0 
4.2 
2.1 
1.2 
2.30 
2.3 
4.5 
4.6 
6.1 
3.2 
3.63 
2.97 
DK-3890 
1.1 
1.2 
1.2 
2.4 
1.2 
1.1 
1.37 
1.2 
2.1 
2.3 
3.4 
2.0 
2.18 
1.77 
Morden 
2.1 
2.2 
3.6 
5.7 
4.2 
2.3 
3.35 
2.1 
5.2 
4.7 
6.8 
3.2 
4.35 
3.85 
KBSH-1 
1.2 
2.4 
3.3 
4.6 
4.2 
3.2 
2.9 
2.5 
3.6 
3.2 
4.1 
2.7 
3.38 
3.18 
Mean 
1.62 
1.75 
2.52 
4.22 
2.92 
1.50 
2.50 
2.02 
3.85 
3.70 
5.10 
2.25 
3.39 
2.94 
4.17.1.2. Effect of Different Auxins and Cytokinins on 
Induction of Multiple Shoots/ Cultured Shoot Tip 
in Four Genotypes 
In present study cytokinins (BAP and Kn) used at a fixed 
level of 2mg/l and various auxins (lAA, NAA, IBA and 2, 4-D) 
at lmg/1 were tried on different genotypes for inducing the 
multiple shoots/cultured shoot t ip. Through critical observations 
it has been found that results were significant due to auxin not 
significant due to cytokinins. 
Two cytokinins over all the auxin did not differ much in 
their multiple shoot induction ability as BAP and Kn gave 1.52 
and 1.47 shoots/cultured shoot tips respectively (Table-18). Kn 
with IBA (lmg/1) gave significantly higher number of shoots 
induced by all other auxins (lAA, NAA, 2, 4-D) in combination 
with Kn showing 1.17, 1.32 and 1.42 shoots respectively (Table-
18) (Fig.26a-e). Similarly IBA along with BAP (2mg/l) gave 
2.05 shoots/ cultured shoot tip followed by lAA (1.55). (Table-
18) (Fig.27a-d). 
Amongst the varieties PAC-308 with 1.66, KBSH-1 with 
1.59, Morden with 1.48 and with DK-3890 1.25 shoots/cultured 
shoot tips (Table-18). Amongst the interaction effect PAC-308 
at BAP (2mg/l) and IBA (Img/1) gave highest (2.5) number of 
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Table-18 
Effect of Different Cytokinins in Combination With 
Different Auxins on Induction of Multiple Shoots/ 
Cul tu red Shoot Tip in Different Genotypes of Sunflower 
(Based on two replicates of each) 
MS + Cytokinin + Auxins 
(mg/l) 
PAC-308 DK-3890 Morden KBSH-1 Mean 
BAP + (2) + lAA (1) 
BAP + (2) + NAA (1) 
BAP + (2) + IBA (1) 
BAP + (2) + 2,4-D (1) 
Mean 
Kn (2) + lAA (1) 
Kn (2) + NAA (1) 
Kn (2) + IBA (1) 
Kn (2) + 2,4-D (1) 
Mean 
Over all Mean 
2.3 
1.4 
2.5 
1.1 
1.82 
1.2 
1.3 
2.1 
1.4 
1.50 
1.66 
1.2 
0.5 
1.5 
1.2 
1.10 
1.2 
1.2 
2.1 
1.2 
1.4 
1.25 
1.1 
1.2 
2.0 
1.1 
1.35 
1,1 
1.3 
2.0 
2.1 
1.62 
1.48 
1.6 
2.5 
2.2 
1.0 
1.82 
1.2 
1.5 
1.8 
1.0 
1.37 
1.59 
1.55 
1.40 
2.05 
1.10 
1.52 
1.17 
1.32 
1.97 
1.42 
1.47 
1.49 
shoots/ cultured shoot tip followed by KBSH-1 (2.2) with BAP 
plus IBA. The addition of any auxin to any cytokinin resulted in 
the reduction of multiple shoots/ cultured shoot tips than 
cytokinin alone. The phenomenon is more pronounced when 
auxins like 2,4-D, NAA and lAA were added was less 
pronounced when IBA was added. In fact addition of lAA and 
NAA to Kn resulted succulent shoots and addition of 2,4-D to 
BAP resulted thick swollen shoots turning into callus, although 
entire callus portion of shoot was not coming in direct contact 
with media (Table-18). 
4.17.2. Influence of Hormones, Age of Cotyledons And 
Genotypes on Shoot Bud Differentiation 
This experiment was conducted with four varieties and 
cotyledon at four stages in days with various hormone 
combinations comparing two cytokinins (BAP and Kn) in 3 
doses (0, 2 and 4mg/l). 
It was observed that age of cotyledon, hormones within 
BAP and within Kn were highly significant. Amongst 
interaction, variety x age alone was highly significant. The per 
cent of shoot bud differentiation by Kn (5.40) over all varieties 
and age of cotyledon were higher than BAP (4.81) (Table-19 
and 20). 
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The morphogenetic response declined rapidly with 
increasing age of cotyledon showing no response at the age of 
six days. The morphogenetic response in terms of number of 
shootlet formation increased significantly from 0 to 2 days of 
cotyledon age. After 2 days age the response declined rapidly 
with increasing age cotyledons, showing no response at the age 
six days. Cotyledon more than six day old however set into 
callus formation without shoot bud differentiation. The 
seedlings shed their seed husk during fourth day of germination 
a day prior to this would be ideal age of cotyledon for initiation 
of shoot buds. At 0, 2, 4 and 6 day of age cotyledon, the 
response of shoot bud differentiation was 4 .51 , 8.87, 7.76 and 
0.00 per cent respectively over all varieties and hormone 
combinations with significant differences. 
PAC-308 with 6.27, Morden with 5.61, KBSH-1 with 5.36 
and DK-3890 5.17 with plantlet differentiation over all the age 
of cotyledons and Kn alone or it's combinations were also 
differing respectively, were as PAC-308 (5.27), Morden (5.21), 
KBSH-1 (4.47) and DK-3890 (4.32) differentiated into plantlets 
on BAP alone or in combination in such manner over all the age 
of cotyledons (Table-19). 
Amongst the interaction effect PAC-308 under Kn + IBA 
and BAP + IBA at 4mg/l each with 2 days old cotyledon age 
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highest (23.50 and 18.20%) response to shoot bud differentiation 
(Table-20). Absence of cytokinins (either BAP or Kn) but 
presence of auxin especially lAA in the medium resulted rooting 
alone from cotyledons. MS medium supplemented with Kn + IBA 
(4 mg/1 each) also gave shoot bud differentiation from cotyledon 
of 2-4 days old (Fig.28a-29d). 
4.17.3. Influence of Hormones on Regeneration From 
Hypocotyl 
This experiment was conducted with two days old 
hypocotyl of KBSH-1 and DK-3890. In this experiment 
regeneration through hypocotyl was studied in two parts. 
In part one hypocotyl first cultured on MS + BAP (lmg/1) 
+ NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) to induce callus. 
Whitish yellow nodular callus of DK-3890 and Greenish light 
yellow nodular callus of KBSH-1 were raised. These callus were 
further subcultured on different regeneration media. 
Regeneration was observed from these callus on MS + ABA 
(0.lmg/1) + GA3 (lmg/1) + BAP (lmg/1) + Sucrose (4%) and MS 
+ ABA (0.lmg/1) + GA3 (0.2mg/l) + BAP (lmg/1) + 
Sucrose(4%). The frequency of regenerated shoot was very low 
(Fig. 30a-c). 
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In second part hypocotyl were cultured on various 
regeneration media. Regeneration directly through the hypocotyl 
was observed on MS + Kn (2mg/l) + IBA (lmg/1) + Sucrose 
(4%), MS + Kn (4mg/l) + IBA (lmg/1) + Sucrose (4%), MS + Kn 
(5mg/l) + IBA (Img/l ) + Sucrose (4%) and MS + BAP (4mg/l) + 
IBA (lmg/1) + Sucrose (4%). Frequency of regenerated shoot 
was found to be very high when Kn/ BAP was added at 4mg/l 
with IBA lmg/1 (Fig. 30d & 31a-d). 
4.18. Studies on Rooting in In Vitro Plants 
4.18.1. Effect of Different Media Composition on Rooting in 
In Vitro Regenerants 
Plantlets obtained in vitro conditions by culturing various 
explants (mature, immature embryo and shoot tips) and 
regenerated plantlets were transferred on MS media in full 
strength, half strength and 1/3 strength supplemented with 
different hormones to see the rooting responses. 
Therefore twenty different media composition formulated 
and tried for rooting. In each of combinations like MS + NAA 
(lmg/1), MS + lAA (lmg/1), MS + NAA (lmg/1) + lAA (lmg/1), 
1/2 MS + NAA (lmg/1), 1/2 MS + NAA (lmg/1) + lAA (lmg/1) 
and 1/2 MS + lAA (lmg/1) root to extent of 8-12% was noticed. 
While on 1/2 MS alone or 1/3 MS + sucrose (1%) rooting to the 
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T a b I e - 2 1 
E f f e c t o f R o o t i n g f r o m S u n f l o w e r R e g e n e r a n t s o n D i f f e r e n t 
R o o t i n g M e d i u m 
( B a s e d on t w o r e p l i c a t e s of e a c h ) 
MS + h o r m o n e s 
(mg/1) 
F r e q u e n c y R e s p o n s e in % 
MS + NAA (1) 
MS + lAA (1) 
MS + NAA (1) + lAA (1) 
1/2 MS +NAA (1) 
1/2 MS + lAA (1) 
1/2 MS + NAA (1) + lAA (1) 
1/2MS + Kn (10) + lAA (1) 
1/2 MS basa l medium 
1/2 MS +BAP (2) + lAA (1) 
1/3 MS + Sucrose (1%) 
1/3 MS +NAA (1) +GA3 (1) 
1/3 MS + NAA (1) + GA3 (1) + AC 
(0.5) 
1/3 MS + Kn (2) + lAA (1) 
1/3 MS + Kn (5) + lAA (1) 
1/3 MS + BAP (5) + lAA (1) 
1/3 MS + BAP + (10) + lAA (1) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
++ 
+++ 
8.0 
10.1 
10.2 
11.1 
12.3 
11.0 
15.5 
16.1 
46.3 
25.0 
68.0 
88.1 
No Response, + Poor Response, ++ Moderate, +++Good Response 
extent of 16-25 per cent was observed. Addition of NAA and 
GA3 (lmg/1 each) beside 0.5 mg/1 AC to 1/3 MS medium with 
sucrose 1% resulted dramatic increase in rooting to the extent of 
68-88%, whereas, the high concentration of cytokinins with lAA 
(lmg/1) were failed to induce rooting (Table-21) (Fig.32a-f). 
4.19, Acclimatization of Regenerated Plantlets 
Regenerated plants were transferred into pots containing 
50:50 ratio of soil and soilrite and were then covered with 
plastic bags to maintain humidity and placed in a growth 
chamber at 22+l°C under a 16/8 light dark cycle. After 15-20 
days, the plastic bags were removed and the plantlets were 
transferred to green house and grown to maturity 
The frequency of survival of plantlets was very low, only 
15% of rooted plantlets grew maturity. Seeds from ail the four 
regenerated genotypes have been successfully germinated and 
this progeny showed normal morphology (Fig.33a- 34c). 
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DISCUSSION 
5.1. Callus Induction 
Callus induction, growth and differentiation of a tissue 
involves a complex relationship between plant materials used, 
the nutritional composition of the medium and the physical 
conditions of the incubation of cultures. This was evident from 
the present results obtained from the study of callus induction, 
growth and differentiation from various explants. It was 
observed that different explants responded under the response of 
various growth hormones and growth regulators. The result 
observed have been discussed as-
Callus was successfully induced from all the explants, 
experimented, however young seedling including cotyledon, 
hypocotyl and first pair of leaf responded better in all the cases. 
The major problems appear to be the difficulty to regenerate 
plants from callus culture and low efficiency of regeneration 
system relaying or induction of adventitious shoots or somatic 
embryos directly from the explant (Hahne, 1994). Shoots 
regenerating from the callus could not be reproduced 
subsequently with another genotype (Knittel et al., 1994). High 
callus induction was found from the hypocotyl explant and first 
pair of leaf in different genotype studied, and its responses were 
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very good in other genotypes. Genotype difference was highly 
significant for callus growth rate (Liu et al., 1991). Generally 
these callus were friable or compact, nodular, whitish or green 
with a moderate growth rate as this type of effects were also 
obtained in same plant (Lupi et al., 1987). 
Young shoots or apices gave good proliferation of the 
cells. Older plant parts of stem and mature leaf showed poor 
proliferation of callus. The fact that callus was induced more 
easily in young seedling, can be explained on the basis of their 
meristematic cells and balance of endogenous level of growth 
hormones. Stoutmeyer and Britt (1963, 1965), Robbins and 
Harvey (1970) and Abbott and Whitely (1976) reported that 
young seedling explants showed better proliferation of cells to 
produce callus than within a plant. It was also found that 
potential of callus production depended on the source of explant 
and accordingly, the use of exogenous supply of plant hormones 
varied. 
During the induction of callus it was observed that the 
cells were proliferated first either the exposed cells of the cut 
ends or cells just below the epidermis. In all the cases 
subepidermal cells or mesophyll cells were involved in the 
callus formation. Only a small number of cells participated in 
the cell division and callus formation. These cells then 
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contributed further for the callus formation. In present study it 
was found that parenchymatous cells or mesophyll cells in the 
case of leaves were involved in the callus formation. But in 
some cases callus may be produced from any other living cells 
of the explant (Yeoman, 1970), parenchyma (Ellis and 
Bornmann, 1971) or from procambium of the leaf sheath nodes 
as in rice (Wu and Li, 1970). The optimal basal nutrient for 
callus induction was found to be different. 
Hormonal response to callus induction in different species 
studied showed that auxin alone in the medium did not induce 
callus in any of the genotype tested. Kn and BAP alone tested 
showed callusing. But when a combination of auxin and 
cytokinin was taken in the medium, good callus induction took 
place. But very low concentration of auxin and cytokinin there 
was a poor response. Similarly high concentration of cytokinin 
with low concentration of auxin also responded well in the 
induction of callus. Among all the auxins synthetic auxin NAA 
and 2,4-D alone or in combination had better effect. lAA and 
BAP showed poor rate of callus initiation. Among the cytokinins 
BAP was found to be better in all the cases. From the study of 
these materials it was clear that for callus induction, both the 
auxins and cytokinins needed in the medium and synthetic 
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auxins and cytokinins were much better than the naturally 
occurring ones. 
Growth regulators required in culture medium were 
different for different type of t issues. Blumenfeld and Gazit 
(1971) demonstrated that Percea cotyledonary explants were 
autonomous for cytokinin synthesis. While mesocarp tissue were 
cytokinin requiring. Wu and Li (1970) suggested that different 
concentration of 2,4-D were needed for callus induction from 
different explants. Induction of growth in quiescent cells by the 
use of exogenous application of auxin had been reported (Street, 
1977). 
Induction of callus with exogenously applied hormones 
was also demonstrated by a number of workers in different 
explants. Yeoman and Macleod (1977) classified the tissue on 
the basis of their requirements of a particular type of hormone 
for induction of callus. Some of the tissue requires an auxin for 
differentiation (Evans et al, 1981), cytokinin requiring tissue 
(Greco et al, 1984). While some tissue require both the 
cytokinin and auxins. The exact nature and mechanism of 
hormonal action in stimulating the quiescent cells to divide not 
known, However, Steward et al. (1964) and Yeoman and 
Mitchell (1970) suggested that nucleolus was the site of action 
of growth substances. This was further supported by the use of 
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radio active labeled 2,4-D accumulated in the nucleoli of the 
dividing cells of cultured explants in Jerusalem artichoke tuber 
(Zwar and Brown, 1968). During this present study no much 
attempt was made to investigate the site of action of these 
hormones. 
Explants cultured on media containing NAA as the sole 
hormone reacted with abundant callus formation in present study 
and by the Laparra et al. (1997). Both the callus formation and 
organogenic response were less abundant on stem segments than 
on leaf explant, similar experiment with diverse explant from H. 
annuus was previously observed (Hahne, 1995) and from same 
explant have yielded same results (Laparra et al., 1997) i.e. the 
morphogenic capacity is at least difficult, is not impossible, to 
maintain for an extended period in undifferentiated cultures. 
Callus formation and growth in tissue culture using 
Murashige and Skoog's medium supplemented with different 
concentration of auxins (lAA, NAA, 2,4-D) and cytokinins (BAP 
and Kn) depend on the genotype of line cultured (Lupi et al, 
1987). 
Various expalnts cultured on MS medium supplemented 
with NAA (lmg/1) + BAP (lmg/1) callus formation was very 
good as suggested by Laparra et al. (1997) and 2,4-D was found 
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lo be more potent in pigeonpea (Thatikunta and Baldev, 1994). 
By considering the conclusion, MS medium was supplemented 
with BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) used to 
induce callus, which was found to be most effective to induce 
callus in present study. 
Inositol was slightly stimulatory at higher level. Whereas, 
thiamine, nicotinic acid and pyridoxine all appeared stimulatory 
to at least some of the species (Schenk and Hildebrandt, 1971). 
Higher level of casein hydrolysate necessary for the induction of 
embryogensis (Pelissier et al., 1990) did not improve the 
embryogenesis in present study. 
Ethylene is recognized as a plant hormone (Burg and Burg 
1962). Although ethylene is involved in growth and 
differentiation of plant cells cultured in vitro (Roustan et al., 
1990). An exogenous source of ethylene reduces asexual 
embryogenesis in Daucus carota callus cultures (Wochok and 
Wetheral, 1971; Tisserate and Murashige, 1977) or inhibited 
shoot primordia formation in Nicotiana tabacum tissue culture 
(Huxtar et al., 1981; Grady and Bassham, 1982). The silver ion a 
potent inhibitor of ethylene (Beyer, 1976) has been reported to 
stimulate shoot regeneration in Triticum aestivum and Nicotiana 
plumbaginifolia (Purnhaces et al., 1987) or in Zea mays tissue 
culture (Songstad et al, 1988). 
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Ethylene produetion was strongly inhibited by C0CI2 level 
and C0CI2 inhibited growth (Chraibi et al., 1991), shoot 
regeneration was controlled by ethylene, consequently reduction 
of ethylene production allowed regeneration in sunflower 
(Chraibi et al., 1992). 
Nitrate ions and cobalt ions did not show any significant 
effect. The primary role of ethylene in somatic embryogenesis 
still not clear ( Huxtar et ai, 1981; Roustan et al., 1990). When 
the AgNOs given at low concentration, very similar findings 
were observed in cultured tomato leaf sections (Coleman et al., 
1980). Thus this study indicates that ethylene is not rooting 
hormone because in this experiment ethylene inhibitor NOB"^ ions 
and cobalt ions were used which caused inhibition of ethylene 
and stimulation of roots. Similar findings of ethylene inhibition 
by AgNOs were also observed in the other systems (Beyer, 1976; 
Liberman 1979). Ethylene inhibits the regeneration process from 
cotyledon of sunflower (Chraibi et al., 1991). Silver nitrate at 
low concentration did not cause adverse effect on cell survival. 
However at high concentration strongly affected growth and cell 
survival after 8 days of culture demonstrate a toxic effect of 
silver nitrate at high concentration (Roustan et al., 1990), a very 
similar result have been made in present studi«^^.'*" -^-.ti'-" .^, 
•4-1' \ 
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The stimulatory effects of GA3 in shoot differentiation as 
reported earlier in cassava (Kartha et al., 1974; Nair et al., 
1979) has not been completely confirmed but up to some extent 
in present study. Green nodular embryoid like structures were 
formed and very low frequency of shoot regeneration from calli 
in some genotypes (KBSH-1 and PAC-308). GA3 added to the 
medium promoted nodule like formation from callus induced 
from cotyledon. This stimulatory effect of GA3 on development 
of shoot buds and nodule like formation is not surprising, 
because it is known to promote cell division and elongation 
callus in sub apical zones (Sachs, 1961; Lupi et al., 1987; 
Cavallini and Lupi, 1987; Khan, 1996). 
Addition of GA3 with BAP supplemented MS medium 
induced shoots or shoot bud like formation in Cajanus and in 
Atylosia (Kumar et al., 1984) as here in present investigation 
that when the calluses were transferred on GA3 + BAP 
supplemented media, nodular, green and embryoid like 
formation were observed. 
Addition of BAP to a medium containing the optimal 
concentration of NAA for growth and differentiation (lmg/1) 
produced slight effects on the rate of cell division and 
considerable effects on the percentage of cells which 
differentiated. With up to lmg/1, a slight stimulation of growth 
78 
and considerable stimulation of tracheid differentiation was 
observed. The stimulation of growth fell of at higher 
concentration although tracheid differentiation was further 
enhanced. At 5mg/l BAP the same approximate cell number was 
obtained as on media containing NAA alone. Higher 
concentration of 2,4-D proved toxic to the callus when cultured 
for regeneration as similar observations were made in explants 
of Anthurium andraeanum (Devinder et al., 2001). 
Histological studies revealed that the nodular structures 
bearing meristematic regions with compactly arranged dividing 
cells towards periphery of the callus in Cicer arietinum 
(Shahzad and Siddiqui, 2000) has also been reported in present 
investigation. It is evident from this study that GA3 added to the 
medium promoted nodular, green callus formation from induced 
callus. 
McCann et al. (1988), Quimio and Zapata (1990) find out 
that ABA enhances the final tissue mass of calli on the solid 
medium. Although it was an effective agent to alter 
morphological changes in soybean (Lazzeri et al., 1987) and on 
carrot (Kamada and Harda, 1985) and other species (Ammirato, 
1984). Whereas, in present study it was found that ABA 
promoted green nodular calli, restricted shoot initiation with 
root initiation from the calli. 
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ABA was found to be very stimulatory for growth when 
used in presence of NAA, alone, but had no detectable effects on 
growth when NAA and BAP were present. On NAA alone, 
addition of ABA to the medium at a concentration of 5mg/l 
resulted tracheid cells. 
Ads has been found to be more effective than BAP for 
shoot multiplication. The number of shoots produced per 
explants varied with concentration of Ads, a very similar results 
were observed in Macrotyloma uniflorum (Varismohamed et 
fl/.,1998). Zeatin alone or in combination with lAA, found to be 
stimulatory shoot initiation and similar results were made in 
Ciser arietinum ( Shri and Davis, 1992). 
The addition of Biotin (0.25mg/l) with BAP (lmg/1) was 
found to promotory for shoot initiation in present study up to 
some extent. These results conforms the findings of Usha and 
Swamy (1998). 
5.2. Callus Growth 
Under the optimal conditions of light, temperature, 
nutrition callus growth was very fast in different genotypes. 
Under the similar conditions callus produced was 
morphologically friable, amorphous and greenish white or 
yellowish white in colour. The callus remained undifferentiated 
throughout on undifferentiating media. Growth of callus in 
response to auxins and cytokinins alone or in combination 
revealed interesting results. Growth in terms of dry and fresh 
weight had been studied in genotype Morden. 
In this experiment maximum growth in NAA (5mg/l) in 
terms of fresh and dry weight and relative growth rate was also 
better. However, 2,4-D showed retarded growth and relative 
growth rate. Thus from this experiment it was clear that 
different auxins and cytokinins under different concentration 
regimes were effective in maintaining growth and relative 
growth rate. Further it was clear that 2,4-D was effective in 
inducing callus but inhibited growth and relative growth rate 
was also low. The inhibition of growth in response to 2,4-D may 
be due to accumulation of some phenolic compounds or due to 
the production of ethylene or inhibiting growth under stress. 
Auxin alone though produced good callus but an auxin in 
combination of certain amount of cytokinin had synergistic 
effect. 
Earlier studied on growth of callus in different plant and in 
these plants had shown that different auxins had different 
responses on callus growth. Handerson (1958) and Sadhu (1974) 
reported that low concentration of auxin, Kn supported the 
growth of callus. Bajaj et al. (1981) demonstrated the enhanced 
81 
response of NAA in callus growth. Rani and Bhojwani (1976), 
Katterman et al. {\911) and Price et al. (1911) in G. hirsutm 
concluded that NAA was essential for callus growth. Singh et al. 
(1985) in Brassica campestris reported that explant could 
produce callus on simple MS nutrient medium but exogenous 
application of auxin was essential for growth. In certain plants 
besides auxins, cytokinins were also needed for Miller (1963) 
demonstrated the cytokinin dependency of callus growth in 
soybean callus and tobacco pith callus which had the sensitivity 
o 
to 2x10 ' M of Kn. According to him certain tissues were 
cytokinin dependent while others were cytokinin independent 
i.e. they need only auxin. The cytokinin dependent callus was 
found to be having high endogenous level of cytokinins could 
support the callus growth and cell division. Muira and Miller 
(1969) on the other hand reported soybean variant strain did not 
required any exogenous application of cytokinin and concluded 
that free cytokinins were produced endogenously. Short and 
Torrey (1972) also reported that in callus there was a high 
synthesis of endogenous cytokinin. Einset and Skoog (1973) in 
tobacco callus which grew in absence of cytokinin as they were 
synthesized endogenously. Singh et al. (1985) however, reported 
that addition of cytokinin rather inhibited the growth of callus in 
Brassica campestris. 
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5.3. Differentiation 
To study the differentiation in cv. Modern was used. 
Differentiation and regeneration could be made either directly 
from the explant or through callus. In some cases differentiation 
could be achieved from callus only when it was in presence of 
its explant, while in other cases differentiation could be 
achieved from a habituated callus. However, callus derived from 
immature explants or from meristematic tissue was more capable 
of regeneration than the callus obtained from mature explants. In 
most of the plant species the explants were first differentiated 
before redifferentiation. Regeneration from explants directly had 
an advantage over regeneration from callus. 
During cytodifferentiation there was a progressive 
development of cellular differences of callus cells to bring about 
cellular differentiation and such studies were important for 
ontogenetic investigations. In cytodifferentiation major 
emphasis had been given on the differentiation of tracheary 
elements, due to their easy staining capability and these 
elements could easily be identified because of their unusual 
pattern of secondary wall thickenings. 
Variety Morden investigated during the present study 
showed that in all the calli differentiation of tracheary elements 
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was affected by phytohormones, and synthetic auxins were less 
effective than the naturally occuring auxins. 2,4-D rather 
inhibited xylogenesis in all the cases. However, auxins with a 
small amount of cytokinin markedly enhanced xylogenesis. 
When auxins with low quantity of cytokinins were added, 
isolated tracheids with reticulate thickenings were formed, but 
when high amount of cytokinin with auxins were taken, compact 
nodules with tracheids arranged in concentric manner were 
formed. 
The sequence in cytodifferentiation in all the cases showed 
different stages of development, viz. Cell elongation, cell 
enlargement, secondary wall deposition and lignification and 
wall lysis and cells autolysis. Robert (1976) also reported 
similar stages in cytodifferentiation. As for the nutritional 
requirements were concerned for xylogenesis, it was observed 
that simple nutrients were added to the several nutrient media 
along with auxins and cytokinins to obtained the desired results. 
However on increased amount of sucrose enhances xylogenesis, 
Jacob (1952), Fosket and Robert (1964) also reported that the 
effect of auxin on vascular tissue differentiation was closely 
dependent on the presence of sucrose. Beslow and Rier (1969) 
reported that high concentration of sucrose stimulated the 
formation and structural modification of tracheary elements in 
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isolated Coleus internode callus. Rier and Beslaw (1967) showed 
required auxin for xylogenesis in Pathenocissus while Fadia and 
Mehta (1973) could demonstrate xylogenesis in absence of 
auxins. Role of Phytohormones as a limiting factor in 
cytodifferentiation was unknown, because was seen that if the 
callus was left for a longer duration, tracheary element were 
formed. But Jacob (1952), Aloni and Jacob (1977) established 
the essentiality of auxins in cytodifferentiation. During the 
present investigation a direct relationship was found between 
xylogenesis and auxin concentration upto 5mg/l but earlier 
workers, Fadia and Mehta (1973) in Cucumis melo, Struckmeyer 
et al. (1949) in Helianthus crown gall, Fosket and Roberts 
(1964) in Coleus showed on inverse correlation. It was quite 
possible that in these plants the endogenous level of auxins were 
already high and any addition of auxin was lethal for 
differentiation. 
High cytokinin concentration in the medium enhanced 
xylogenesis in the calli. However, Fadia and Mehta (1973) in 
Cucumis melo showed inhibitory effect of Kn in xylogenesis. On 
the other hand Bergmann (1964), Bornmann (1974) in Nicotiana 
showed the synergistic effect of Kn. A direct correlation 
between cytokinin level and xylem differentiation observed by 
Aloni (1982) in Helianthus. Thus in this respect our result are in 
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conformity with the results obtained by Bergmann (1964), 
Bornmann (1974) in Nicotiana and Aloni (1982) in Helianthus. 
5.4. Organogenes is 
Plant regeneration by organogenesis from tissues of 
Helianthus annuus remains problematic (Chraibi et al., 1992). 
Differentiation of roots and shoots from callus or explants from 
Morden undertaken revealed that there were good evidences in 
their responses to a particular combination of phytohormones 
were different when explants were cultured on differentiating 
media than from the culture of callus on such media. The 
requirement of hormones in culture media was less in explant 
culture, than the callus culture. In all the cases high 
concentration of NAA (2, 5mg/l) was found to be optimal for 
root differentiation. IBA and 2, 4-D were in general, inhibitory 
for rhizogenesis, lAA (2mg/l) was found better than IBA and 
2,4-D. This shows that synthetic auxins were more effective than 
the naturally occurring one. Cytokinin normally inhibits root 
formation. 
The studies of Fosket (1968), Fosket and Torrey (1969) 
have led to the conclusion that differentiation occurs only in 
caWus are going through the mitotic cycle in the presence of a 
specific hormonal milieu this investigation confirms in part 
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earlier observations on the complex role of auxin, cytokinin and 
sugar in induction of xylogensis (Jacobs, 1952, 1954; Bergmann, 
1964; Jeffs and Northcote 1967; Torrey, 1968; Fosket and Torry, 
1969; Dalessandro, 1973; Phillips and Torrey, 1973). 
Bergmann (1964) first reported that Kn increased the 
number of tracheids in cultured tobacco tissue. Fosket and 
Torrey (1969) and Torrey and Fosket (1970) demonstrated with 
two different experimented tissues that at relatively high 
concentration of cytokinins, the number of tracheids increased at 
a much faster rate than the number of new cells. 
The effects of sugars on xylem differentiation in this 
system are also very interesting. The necessity of sugar for 
xylem differentiation in cultured tissues first reported by 
Wetmore and Sorokin (1955) and Wetmore and Rier (1963). Rier 
and Beslow (1967) later demonstrated a proportionate increase 
in number of differentiating cells with increasing amount of 
sucrose up to 8% both from explant and callus, but in all the 
cases studied here, good amount of roots were formed in Kn and 
in BAP added medium. However, there were a few reports by the 
earlier workers where cytokinin alone or in combination with 
enhanced root formation. Jaidka and Mehra (1985) showed root 
formation in Punica on the medium containing NAA with Kn or 
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BAP. Walkar et al. (1978) reported that alfalfa callus, high level 
of Kn promoted root formation rather than shoot formation. 
Shoot differentiation could be achieved both from explant 
and callus in Morden. However, in explants a little amount of 
callus was always formed before shoot initiation. Shoot 
formation was obtained after 3-4 subcultures on a medium 
containing high amount of cytokinin and low amount of auxin. 
In all the cases during the first subculture green nodule like 
structures were observed on medium containing Kn (5mg/l) and 
lAA (lmg/1). These nodules on subculture sprouted into leaf 
shoots. However, the frequency of root formation was low, 
further it was noticed that low mineral salts were required for 
shoot formation. Mroginski et al. (1981) in Arachis hypogaea 
demonstrated that shoot buds were formed on a medium 
containing NAA (lmg/1) + Kn (lmg/1). Bajaj et al. (1981) also 
obtained plantlets from various explants of A. hypogaea on 1/2 
MS + NAA + BA medium. Both the NAA and BAP must be 
present for organogenesis of sunflower cotyledons (Chraibi et 
al., 1992). Sadhu (1974) in sunflower obtained regeneration of 
shoot on modified White's medium containing lAA (Ippm) 
alone. Thus it was observed that earlier report and present 
reports are not conformity to each other because this plant is 
strictly recalcitrant. Cytokinin may not always be effective in 
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shoot differentiation. Tanimoto and Harada (1981) concluded 
that all callus cultures produce vegetative shoot buds under the 
influence of high cytokinin. Saunders and Bingham (1975), 
Tanimoto and Harada (1984) showed that cytokinin enhance 
shoot formation in cytokinin dependent callus. In shoot 
differentiation was also modified in the presence of other types 
of exogenous hormones (Skoog and Miller, 1957), carbohydrate 
type and amount (Cousson and Tran Than Van, 1983; Tran Than 
Van et ai, 1974) and N2 Type and amount (Halperin, 1966; 
Tanimoto and Harada, 1981). Besides this, physical factors also 
govern organogenesis. 
Chandler and Beard (1983) find out a tendency of embryo 
to grow as undifferentiated callus instead of embryos and the 
callus formation was eliminated by low level of NAA as in 
present studies low level of NAA (0.1 mg/1) gave slightly higher 
shoot induction (10%). 
The immature embryos were cultured on high sucrose (9%) 
containing medium allowed to maturation of immature sunflower 
embryos, they were transferred to low sucrose (3%) for 
germination, a similar system was reported by McCann (1986) 
and Finer (1987). 
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Addition of KNO3 (6.9 gm/1) to MS medium resulted 
dramatic increase in the amount of regeneration only in KBSH-1 
genotype as previously been established by Paterson and Everett 
(1985), Paterson (1985). The optimal hormone levels were NAA 
(0.1 mg/1) + BA (0.5 mg/1) + Ads (40mg/l), + KNO3 (6.9 gm/1) + 
inositol (100 mg/1) was given by Power (1987), whereas, in 
present study such combination with few addition help to 
regenerate from embryos of only one variety i.e. in KBSH-1 and 
others did not show such type of responses. 
The two cytokinins (BAP and Kn) promoted shoot 
multiplication the whole shoots may require higher cytokinin 
concentration to induce multiple shoots. The highest number of 
shoots consistently resulted from BAP and Kn concentration 
between 3-6 mg/1. In this way BAP and Kn was found to be good 
for shoot multiplication in accordance to Paterson (1984). 
Although, Greco et al. (1984), Paterson (1984) and Liu and Xu 
(1988) found that BAP at lmg/1 induces multiple shoot highest 
in number. Whereas, highest number shoots were produced 
during present study in this experiment on MS medium 
supplemented with cytokinins at high level i.e. (4mg/l). Higher 
concentration of BAP (4mg/l) promoted a greater number of 
shoot buds in Cajanus and in Atylosia (Kumar et al., 1984). All 
the cytokinins tended to inhibit rooting.When shoot tips were 
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placed on high concentration of Kn all showed shoot 
multiplication in sunflower (Paterson, 1984), and in Tridax 
procumbens (Sahoo and Chand, 1998 ). 
BA and Kn at high concentration are best suited for 
multiple shoot initiation from shoot tip explants during present 
investigation as the similar results were found in, Paulownia 
(Sharma and Dhiman, 1998), Wedelia calendulacea (Emmanuel 
et al., 2000). 
Shoot regeneration from hypocotyl, cotyledon or from leaf 
explants has been reported by several authors (Greco et al., 
1984; Paterson and Everett, 1985; Krauter and Friedt, 1991). In 
contrast other authors have been unable to regenerate plants 
from cotyledon and hypocotyl (Piubello and Caso, 1986). 
Both hormone and media composition as well as 
manipulation of explants has been found to be important for 
efficient regeneration of shoots from sunflower cotyledon 
(Knittel et al., 1991) has been also found in present study. The 
age of donor seedling played an important role in the control of 
shoot regeneration. Cotyledons excised from just after 
emergence on MS plus auxins alone without cytokinins did not 
regenerated any shoot. Mean of BAP and Kn shows that capacity 
declined after four days of emergence. The organogenic 
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potential of cotyledons from the second day after initiation of 
germination diminished. The highest frequency of shoot 
regeneration occurred when the explants had been excised from 
2 days old seedlings, a similar finding of enhancement of shoot 
regeneration in liquid culture medium was observed by Chraibi 
et al. (1992). 
It has been shown (Knittel et al., 1991; Pugliesi et al., 
1991) that young sunflower cotyledons are convenient explants 
for initiation of culture they produce adventitious shoots at a 
high frequency. The regeneration of shoots proceeded best when 
using Kn at high concentration (4 mg/1) as for sunflower 
(Pugliesi et al., 1993) although the shoot regeneration frequency 
was very low. In present study very much similar finding were 
recorded when cytokinins (BAP and Kn) given at high 
concentration (4 mg/1) either with low concentration of auxins 
or high concentration of cytokinins. Kinetin was found to be 
more effective for multiple shoot induction than the BAP in 
present study and by Pelissier et al. (1990). 
5.5. Rooting Effect 
Attempts carried for rooting of regenerated shoots on MS 
medium supplemented with different concentrations of various 
auxins and cytokinins. The difficulty in inducing roots from the 
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multiple shoots from sunflower hypocotyl seedling was observd 
(Fabijan et al., 1981,a,b). The cytokinin treatment is strongly 
inhibiting rooting even after its removal or the epicotyls do not 
root as easily as from hypocotyl. 
For the induction of a vigorous root system, a simple and 
rapid technique is required which will be shorter the growth 
cycle and provide a high rate of transplant survival giving rise 
to vigorous plants (Vesperinas, 1998). 
MS basal medium with lmg/1 NAA and MS half with lmg/1 
NAA gave root initiation a very much similar effects have been 
carried out by Greco et al. (1984). Shoots transferred on MS 
medium containing lmg/1 NAA (Atreya et al., 1984) for root 
production. Rooting per cent was found to be highest when salt 
of MS medium were lowered i.e. up to V2 or V^ with NAA (lmg/1) 
by Sharma and Dhiman (1998) as far as in present investigation, 
best rooting observed on 1/3 MS salts. 
One problem with adventitious or multiple shoot was 
limited amount of rooting in present investigation as it has also 
been previously reported by Paterson (1984) although several 
attempts were made to find out highest per cent of rooting. MS 
medium with low auxin concentration had not any significant 
effect on rooting (Paterson, 1984) as the similar results have 
been made in present investigation. 
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Regenerated plantlet were transferred on 1/3 MS medium 
containing NAA (lmg/1) + GA3 (lmg/1) + AC (0.5 mg/I) given 
88.1 per cent root induction responses in present investigation. 
As the similar observations were made by Chraibi et al. (1991) 
when he transferred seedling on 1/2 MS medium supplemented 
with the same growth activators. Although in present study 1/3 
MS medium supplemented with NAA ( lmg/ l )+ GA3 (lmg/1) 
given very good root induction responses was about 68.0 per 
cent. Regenerates responded to lower concentration of auxin by 
root induction in present study up to some extent as the similar 
results were obtained from Helianthus stem by De Ropp (1947). 
Root initiation from regenerated explants on 1/2 MS and MS 
medium supplemented with NAA, lAA was observed in present 
study as the similar type of root initiation responses were 
already presented in sunflower shoot tip (Liu and Xu, 1988) and 
in Vigna radiata (Gulati and Jaiwal, 1992). 
94 
> "i^i^^a., 
BIBLIOGRAPHY 
Abbott, A. J. and Whiteley, E., 1976. Culture of Mains tissues 
in vitro, I. Multiplication of apple plants from isolated shoot 
apices; Sci, Hort., 4: 183-189. 
Ahmad, S. and Punia, M. S., 1994. Callus development and 
plant regeneration from inbred and cytoplasmic male sterile line 
of sunflower {Helianthus annuus); Ann. Biol.-Ludhiana, 10(1): 
31-34. 
Aloni, R. and Jacobs, W. R., 1977. Polarity of tracheary 
regeneration in young internodes of Coleus (Labiatae); Am. J. 
Bot., 64: 395-403. 
Aloni, R., 1982. Role of cytokinin in differentiation of 
secondary xylem fibres; Plant Physiol., 70: 1631-1633. 
Ammirato, P. V., 1984. Induction, maintenance and 
manipulation of development in embryogenic cell suspension 
cultures. In: Cell culture and somatic cell genetics of plants. 
Vasil, I.K. (ed). Acadamic press, NewYork, 139-149. 
Anonymous, 1972. The Wealth of India, Vol. X, C.S.I.R. New 
Delhi. 
Antonova, T. S., Borovkov, A. Yu., Zezul, T. G. and Sumkina, 
M. Yu., 1990. Optimization of the condition for inducing 
morphogenesis in primary callus from immature embryos of 
sunflower; Sel skokhozyaistvennaya Biologiya, 3 : 60-65. 
Antonova, T. S., Borovkov, A., Yu, Zezul, T. G. and 
Krasnyanskii, S. F., 1992. Somatic embryogenesis in callus 
95 
from immature embryos of sunflower; Sel' skokhozyaistvennaya-
Biologiya, 1: 36-42. 
Antonova, T. S., Krarsnyanskii, S. F., Chelyustnikova, T. A. 
and Zezul, T. G., 1991. Somatic embryogenesis in callus from 
immature embryos of sunflower; Doklady vsesoyuznoi- ordena-
Lenina-i-ordena- Trudovogo- krasnogo-Znameni. Akademii, sei 
skokhozyaistvennykh- Nauk-Im, V.L. Lenina, 4: 9-13. 
Atreya, C. D., Rao, J. P. and Subramanyam, N. C , 1984. In 
vitro regeneration of peanut {A. hypogaea) plantlets from 
embryo axis and cotyledon segment; Plant Sci. Lett., 34: 379-
383. 
Bajaj, Y. P. S., 1979. Technology and prospects of 
cryopreservation of germplasm; Euphytica, 28: 267-285. 
Bajaj, Y. P. S., 1983. In vitro production of haploids. In: 
Handbook of plant cell culture. (Eds. D.A. Evans, W.R. Sharp, 
P.V. Ammirato and Y. Yamada), 228-287, MacMillan publishing 
Co. NewYork. 
Bajaj, Y. P. S., 1986. Biotechnology of tree improvement for 
rapid propagation and biomass energy production. In: 
Biotechnology in agriculture and forestry I. (Ed. Y.P. S. Bajaj), 
1-23. Springer-Verlag, NewYork. 
Bajaj, Y. P. S., Labna, K. S. and Singh, M. M., 1981. 
Regeneration of plants from seedling explants and callus 
cultures of Arachis hypogaea L; Ind. J. Exp. Biol., 19: 1026-
1029. 
96 
Banyai, O., Kurnik, E., Sipos, I. S. and Szabo, L., 1985. 
Sunflower embryo cultures. Preliminary report; Botanikai 
kozlemenyek, 72(3-4): 283-289. 
Baruah, M. and Sarma, C. M., 1996. Effect of plant growth 
regulators on callus development regeneration of shoots and 
chlorophyll development on calli of sunflower {Helianthus 
annuus); Neo Botanica, 4(1): 41-45. 
Beletskii, Yu. D., Shcherbakova, L.B., Yanchich, V.I., 
Fedorenko, G.M. and Butenko, R.G., 1988. Ultrastructural 
feature of the tissues of sunflower in vitro; Biologiya-kul 
tiviruemykh-kletok-I-biotekhnologiya, 1:47. 
Bergman, L., 1964. Der Einfliss von Kinetin aut die 
Lingninbeldung and differenzierung in Gewebekulturen Von 
Nicotiana tabaccum; Planta, 62: 221-254. 
Berrios, E.F., Gentzbittel, L., Serieys, H., Alibert, G. and 
Sarrafi, A., 1999. Influence of genotype and gelling agent on in 
vitro regeneration by organogenesis in sunflowers; Plant Cell, 
Tissue Org. Cult., 59: 65-69. 
Besiow, D. T. and Rier, J. P., 1969. Sucrose concentration and 
xylem regeneration in Coleus internodes in vitro; Plant Cell 
Physiol., 10: 69-77. 
Beyer, E. M., 1976. A potent inhibitor of ethylene action in 
plants; Plant. Physiol., 58: 268-271. 
Blumenfeld, A. and Gazit, S., 1971. Growth of Avacodo fruit 
callus and its relation to exogenous and endogenous cytokinins; 
Physiol. Plant., 25(3): 369. 
97 
Boharova, N. E., Cocking, E. C. and Power, J. B., 1986. 
Isolation culture and callus regeneration of protoplast of wild 
and cultivated species; Plant Cell Reports, 5: 256-258. 
Bohorova, N. E., Atanassov, A. and Todorova, G., 1985. In 
vitro organogenesis, androgenesis, and embryo culture in the 
genus Helianthus L; Z. pfanazenzuchtg., 95: 34-44. 
Bohorova, N. E., Punia, M. S., lossiftcheva, C. and 
Bokhorova, N. E., 1990. Morphogenetic ability of tissue and 
protoplast culture of wild diploid species of sunflower 
{Helianthus L.); Helia, 13(13): 35-40. 
Bornman, C. H., 1974. Cytodifferentiation in tissue culture In : 
H.E. Street (Ed.) Tissue culture and plant science. Acadamic 
Press, London, 43-70. 
Bronner, R., Jeannin, G. and Hahne, G., 1984. Early cellular 
events during organogenesis and somatic embryogenesis induced 
on immature zygotic embryos of sunflower (Helianthus annuus); 
Can. J. Bot., 72: 239-248. 
Burg, S. P. and Burg, E. A., 1962. Role of ethylene in fruit 
ripening; Plant. Physiol., 37: 179-189. 
Burrios, E. F., Gentzbittel, L., Serieys, H., Alibert, G. and 
Sarrafi, A., 1999. Influence of genotype and gelling agent on in 
vitro regeneration by organogenesis in sunflower; Plant Cell, 
Tissue Org. Cult., 59: 65-69. 
Carter, J . F. , 1978. Sunflower science and technology. 
American Society of Agronomy, Madison, Wise. 
Causton, D. R., 1977. A biologists mathmatics, Edward Arnald, 
London. 
98 
Cavallini, A. and Lupi, M. C , 1987. Cytological studies of 
callus and regenerated plants of sunflower {Helianthus annuus); 
Plant Breeding, 99(3): 203-208. 
Ceriani, M. F., Hopp, H. E., Hahne, G. and Escandon, A. S., 
1992. Cotyledons: An explant for routine regeneration of 
sunflower plants; Plant Cell Physiol., 33(2): 157-164. 
Chandler, J. M. and Beard, B. H., 1983. Embryo culture of 
Helianthus hybrids; Crop Sci., 23: 1004-1007. 
Chandler, J. M., and Jan, C . C , 1983. Production of 
interspecific sunflower hybrids through tissue culture; 
Agronomy- Abstracts, 58. 
Chraibi, B. K. M., Castelle, J. C , Latche. A., Roustan, J. P. 
and Fallot, J., 1992. Enhancement of shoot regeneration 
potential of liquid medium culture from mature cotyledons 
sunflower (Helianthus annuus L.); Plant Cell Reports, 10(12): 
617-620. 
Chraibi, B. K. M., Latche, A., Roustan, J. P. and Fallot, J., 
1991. Stimulation of shoot regeneration from cotyledons of 
Helianthus annuus by the ethylene inhibitors, silver and cobalt; 
Plant Cell Reports, 10(4): 204-207. 
Chraibi, B. K. M., Latche, A., Routan, J. P. and Fallot, J., 
1991. Stimulation of shoot regeneration in sunflower (Helianhus 
annuus L.) by cobalt ions, an inhibitor of ethylene synthesis; 
C omp te s - Re ndus-de-I-Academic-des-Sciences-Series-3- Science-
de- la-Vie, 312(4): 183-187. 
Coleman, W. K., Huxter. T. J., Reid, D. M. and Thorpe, T. 
A., 1980. Ethylene as an endogenous inhibitor of root 
99 
regeneration in tomato leaf discs cultured in vitro; Physiol. 
Plant., 48: 519-525. 
Constabel, F., Gamborg, O. L., Kurz, W. G. W. and Steck. 
W., 1974. Production of secondary metabolites in plant cell 
cultures; Planta, 25:158-165. 
Cousson, A. and Tran Thanh Van, M., 1983. Light and Sugar 
mediated control of directed de novo flower differentiation from 
tobacco thin cell layers; Plant Physiol., 72: 33-36. 
Dalessandro, G., 1973. Hormonal control of xylogenesis in pith 
parenchyma explants of Lactuca; Ann. Bot., 37: 375-382. 
Deglene, L., Lesignes, P., Alibert, G. and Sarrafi, A., 1997. 
Genetic control of organogenesis in cotyledons of sunflower 
{Helianthus annuus); Plant Cell, Tissue Org. Cult., 48: 127-130. 
DeRopp, 1947. The response of normal plant t issues and of 
crown gall tumor tissues to synthetic growth hormones; Am. J. 
Bot., 34(2): 53-62. 
Devinder, P., Choudhry, M. L., Prasad, K.V. and Nagesh, N., 
2001. Regeneration of plantlets from petiole explants of 
Anthurium andraeanum. cv. "Mauritius Orange"; 
Phytomorphology, 51(1): 83-85. 
Duhamel, du. M. H. L., 1756. In: An Introduction to Plant 
Tissue Culture (Ed. Razdan, M.K.), 3, Oxford & IBH Publishing 
Co. NewDelhi 
Einset, J. W. and Skoog, F., 1973. Biosynthesis of cytokinins 
in cytokinin autotrophic tobacco callus; Proc. Natl. Acad. Sci. 
U.S.A., 70: 658-660. 
100 
Ellis, R. P. and Bornman, C. H., 1971. Anatomical aspects of 
growth proliferation in Nicotiana tabacum tissue cultures in 
vitro; J.S. Afr. Bot., 37(2): 109-126. 
Ennanuel, S., Ignacimuthu, S. and Kathiraven, K., 2000. 
Micropragation of Wedelia calendulacea LESS. A medicinal 
plant; Phytomorphology, 50(2): 195-200. 
Espinasse, A. and Lay, C , 1986. Attempts to regenerate 
sunflower plant (Helianthus annuus L.) in vitro. In Proc. 
Sunflower Res. Workshop, Aberdeen, SD, 10 Dec.1986.Natl . 
Sunflower Association, Bismarck, ND. 
Espinasse, A. and Lay, C , 1989. Shoot regeneration of callus 
derived from globular to torpedo embryos from 59 sunflower 
genotypes; Crop Sci., 29: 201-205. 
Espinasse, A., Lay, C. and Dybing, C. D., 1985. Factors 
controlling in vitro development of sunflower embryos; 
Agronomic, 5(9): 825-832. 
Espinasse, A., Lay, C. and Volin., J., 1989. Effect of growth 
regulator concentrations and explant size on shoot organogenesis 
from callus derived from zygote embryos of sunflower 
(Helianthus annuus L.); Plant Cell, Tissue Org. Cult., 17(3): 
171-181. 
Evans , D. A. and Sharp, W. R., 1988. Somaclonal variation and 
its application in plant breeding. lAPTC; News Lett., 54:2-10. 
Evans, D. A., Sharp, W. R. and Flick, C. E., 1981. Growth and 
behaviour of cell cultures. Embryogenesis and organogenesis. In 
Plant tissue culture (ed. Thorpe), 45-114, Acadamic Press, 
NewYork, London. 
101 
Fabijan, D., Taylor, J. S. and Reid, D. M., 1981b. 
Adventitious rooting in hypocotyls of sunflower {Helianthus 
annuus) Seedlings; Physiol. Plant., 53: 589-597. 
Fabijan, D., Yeung, E., Mukherjee, I. and Reid, D. M., 1981a. 
Adventitious rooting in hypocotyls in sunflower (Helianthus 
annuus) seedlings; Physiol. Plant., 53: 578--588. 
Fadia, V. P. and Mehta, A. R., 1973. Tissue culture studies on 
cucurbits the effects of NAA, sucrose and kinetin on tracheal 
differentiation in Cucumis tissue cultured in vitro; 
Phytomorphology, 23: 212-215. 
Finer, J. J., 1987. Direct somatic embryogenesis and plant 
regeneration from immature embryos of hybrid sunflower 
{Helianthus annuus L.) on a high sucrose containing medium; 
Plant Cell Reports, 6(5): 372-374. 
Fiore, M. C , Trabace, T. and Sunseri, F., 1997. High 
frequency of plant regeneration in sunflower from cotyledons 
via somatic embryogenesis; Plant Cell Reports, 16: 295- 298. 
Fosket, D. E. and Roberts, L. W., 1964. A histochemical study 
of callus initiation from carrot tap root phloem cultivated in 
vitro; Am. J. Bot., 52: 929-937. 
Fosket, D. E. and Torrey, J. G., 1969. Hormonal control of cell 
proliferation and xylem differentiation in cultured tissues of 
Glycine max var. Biloxi; Plant Physiol., 44: 871-880. 
Fosket, D. E., 1968. Cell division and the differentiation of 
wound-vessel members in cultured stem segments of Coleus; 
Proc. Natl. Acad. Sci. (Wash.), 59: 1089-1096. 
102 
Fosket, D. E.and Torrey, J.G., 1969. Hormonal control of cell 
proliferation and xylem differentiation in cultured tissues of 
Glycine max var. Biloxi; Plant Physiol., 44: 871-880. 
Freyssinet, K. and Freyssinet, G., 1988. Fertile plant 
regeneration from sunflower (Helianthus annuus L.) Immature 
embryos; Plant Science, 56: 177-181. 
Friedt, W., 1992. Biotechnology in sunflower breeding. 
Proceedings 13"^ International Sunflower Conference. Pisa. Italy 
3, 1383-1396. 
Friedt, W., Nurhidayah, T., Kohler H., Bergmann, R. and 
Horn, R., 1997. Haploid production and application of 
molecular methods in sunflower {Helianthus annuus L.) In: In 
vitro haploid production in higher plants, S.M. Jain (ed.), 
Kluwer Acad. Publ., Dordreccht, 17-35. 
Gautheret, R. J., 1934. Culture du tissu cambial; C.r.hebd. 
Seanc. Acad. Sci. 198: 2195-2196. 
Grady, K. L. and Bassham, J. A., 1982. 1-Aminocyclopropane-
1- carboxylic acid concentration in shoot forming and non-shoot 
forming tobacco callus cultures; Plant Physiol., 70: 919-921. 
Greco, B., Tanzarella, O. A., Carrozzo, G. and Blanco, A., 
1984. Callus induction and shoot regeneration in sunflower 
{Helianthus annuus L.); Plant Science lett., 36: 13-11. 
Greco, I., Alba, E. and Abbatantuono, I., 1986. In vitro 
regeneration of sunflower {Helianthus annuus L.); Genetica 
Agraria,, 40(4): 454. 
Gulati, A. and Jaiwal, P. K., 1992. In vitro induction of 
multiple shoots and plant regeneration from shoot tip of mung 
103 
bean Vigna radiata (L.); Plant Cell, Tissue org. Cult., 29: 199-
205. 
Gurel, A., Nichterlein, K. and Friedt, W., 1991a. 
Embryogenesis in microspore culture of sunflower {Helianthus 
annuus); Helia, 14: 123-128. 
Gurel, A., Nitchterlein, K. and Friedt, W., 1991b. Shoot 
regeneration from anther culture of sunflower and some 
interspecific hybrids as affected by genotype and culture 
procedure; Plant Breeding, 106: 68-76. 
Haberlandt, G., 1902. Kulturversuche mit isolierten 
pflanzenzellen sitzungsber, Akad. Wiss. Wien. Naturwiss. Kl 
Abt. I., I l l : 69-92. 
Hahne, G., 1994. In: Wang K, Herrera-Estrella A Von 
Montague M, (eds) Transformation of plants and soil 
microorganisms, Cambridge University Press, Cambridge, U.K. 
Hahne, G., 1995. In: Wang K, Herrera-Estrella, Von Montague 
M, (eds) Transformation of plants and soil microorganisms, 
Plants and Microbial Biotechnology Research Series nr .3 . Lynch 
J. (Ser.ed.) Cambridge University Press, Cambridge, 137-149. 
Halperin, W., 1996. Alternative morphogenetic events in cell 
suspensions; Am. J. Bot., 53: 443-453. 
Manning, E., 1904. Zur Physiologic Pflanzlicher Embryonen. I. 
uber die culture von crucifever embryonen asserhalb des 
embryosacks; Bot. Ztg., 62: 45-80. 
Henderson, J. H. M., 1954. The changing nutritional pattern 
from normal to habituated sunflower callus t issue; Annee, Biol. 
Ser., 3(20): 329-348. 
104 
Henderson, J. H. M., 1958. Effect of gibberellin on sunflower 
tissue culture; Nature (London), 182: 880. 
Hendrickson, C. E., 1954. The flowering of sunflower explants 
in aseptic culture; Plant Physiol., 29: 536-538. 
Hildebrandt, A. C. and Riker, A. J., 1947. Influence of some 
growth regulating substances on sunflower and tobacco tissue in 
vitro; Am. J. Bot., 34: 421-427. 
Huxter, T. J., Reid, D. M. and Thorpe T. A., 1981. Ethylene 
production by tobacco (Nicotiana tabacum) callus; Physiol. 
Plant., 46: 374-380. 
Jacobs, W. P., 1952. The role of auxin in the differentiation of 
xylem around a wound; Am. J. Bat., 39: 301-309. 
Jaidka, K. and Mehra, P. N., 1985. Morphogenesis in Punica 
granatum (Pomegranate); Can .J. Bot., 64: 1644-1653. 
Jeannin, G. and hahne, G., 1991. Donor plant growth 
conditions and regeneration of fertile plants from somatic 
embryos induced on immature embryos of sunflower {Helianthus 
annuus L.); Plant Breeding, 107(4): 280-287. 
Jeannin, G., Bronner, R. and Hahne, G., 1995. Somatic 
embryogenesis and organogenesis induced on the immature 
zygotic embryo of sunflower {Helianthus annuus L.) cultivated 
in vitro: role of the sugar; Plant Cell Reports, 15: 200-204. 
Jeffs, R. A. and Northcote, D. H., 1967. The influence of 
indol-3yl acetic acid and sugar on the pattern of induced 
differentiation of plant tissue cultures; J. Cell. Sci., 2: 77-88. 
105 
Kalara, G. and Bhatia, S. C , 1996. Auxin-ethylene interaction 
in adventitious rooting and related changes in anodic peroxidase 
isozymes in sunflower hypocotyls; J. PL Biochem.Biotech., 5(1): 
37-41. 
Kamada, H. and Harada, H., 1985. Changes in endogenous 
level and effects of abscisic acid during somatic embryogenesis 
of Daucus carota L.; Plant Cell Physiol., 22: 1423-1429. 
Kartha, K. K. and Gamborg, O. L., 1978. Meristem culture 
techniques in the production of disease free plants and freeze 
preservation of germplasm of tropical tuber crops (Eds. H. 
Maraite and J.A. Meyer), 267-289. Proc Intn. Symp. Universite, 
Luvam-la-Neuve, Belgium. 
Kartha, K. K., Gamborg, O. L. and Constabel, F. 1974. 
Regenera^tion of pea {Pisum sativum L.) plants from shoot apical 
meristem; Z. Pflenzenphysiol, 72: 172-176. 
Katterman, F. R. H., William, M. D. and Clay, W. E., 1977. 
The influence of a strong reducing agent upon the initiation of 
callus from the germinating seedlings of Gossypium harhedense; 
Physiol. Plant., 40 (2): 98-100. 
Khan, A., 1996. Role of auxin, kinetin, gibberelic acid and L-
methione on cell division and tracheary element differentiation 
in Cajanus cajan juice vesicle cultures; Phytomorphology, 
46(4): 349-356. 
Kiranmai, V. and Devi, P., 1995. In vitro response of certain 
mutant of sunflower; Advances in Plant Sciences, 8(2): 326-329. 
106 
Kiranmai, V., Devi, P. and Devi, P., 1995. Callus initiation and 
organogenesis from cotyledon explants of Helianthus annuus L; 
Advances in Plant Science, 8 (2): 338-341. 
Knittel, N., Escandon, A. S. and Hahne, G., 1991. Plant 
regeneration at high frequency from mature sunflower 
cotyledons; Plant Science Limerick, 73(2): 219-226. 
Knittel, N., Gruber, V., Hahne, G. and Lenee, P., 1994. 
Transformation of sunflower {Helianthus annuus L.): a reliable 
protocol; Plant Cell Reports, 14: 81-86. 
Knopp, E. and Mix, G., 1986. In vitro shoot and root 
regeneration from tissue fragments of sunflower {Helianthus 
annuus L.); Landbauforschung- Volkenrode, 36 (2): 127-129. 
Krasnyanski, S. and Menczel, L., 1995. Production of fertile 
somatic hybrid plants of sunflower and Helianthus giganteus L. 
by protoplast fusion; Plant Cell Reports, 14: 232-235. 
Krasnyanski, S., Polgar, Z., Gizella, N. and Menczel, L., 
1992. Plant regeneration from callus and protoplast cultures of 
Helianthus giganteus L; Plant Cell Reports, 11(1): 7-10. 
Krauter, R. and Friedt, W., 1991. Propagation and 
multiplication of sunflower lines {Helianthus annuus L.) by 
tissue culture in vitro; Helia, 14 (4): 117-121. 
Krikor ian, A. D. and Berquan, D. L., 1969. Plant cell and 
tissue culture: The role of Haberlandt; Bot. Rev., 35: 59-88. 
Krikorian, A. D., 1982. Cloning higher plant from aseptically 
cultured tissue and cells; Biol. Rev., 57: 151-218. 
107 
Kumar, A. and Cocking, E. C , 1987. Protoplast fusion: A 
novel approach to organelle genetics in higher plants; Am. J. 
Bot., 74: 1289-1303. 
Kumar, S. A. Reddy, T. P. and Reddy, G. M., 1984. Multiple 
shoots cultured explants of pigeonpea and Atylosia species; 
Subrao Jour., 16(2): 101-105. 
Kumar, S. A., Tummala, P. R. and Reddy, G.M., 1983. 
Plantlet regeneration from different callus cultures of pigeonpea 
{Cajanus cajan L.); Plant Sci. Lett., 32: 271-278. 
Laparra, H., Stoeva, P., Ivanov, P. and Hahne, G., 1997. Plant 
regeneration from different explants in Helianthus smithii 
Heiser; Plant Cell Reports, 16(10): 692-695. 
Lazzeri, P. A. Hildebrandt, D. F. and Collins, G. B., 1987a. 
Soybean somatic embryogenesis: Effect of hormones and culture 
manipulations; Plant Cell, Tissue Org. Cult., 10: 197-208. 
Lazzeri, P. A. Hildebrandt, D. F. and Collins, G. B., 1987b. 
Soybean somatic embryogenesis: Effect of nutrit ional,physical 
and chemical factors; Plant Cell, Tissue Org. Cult., 10: 209-220. 
Li, Y. H., Guo, Z. S. and Wang, F. X., 1988. Observation of 
somatic embryogenesis in immature embryo culture of 
sunflower; Acta-Botanica Yamanica, 10(3): 280-284. 
Liberman, M., 1979. Biosynthesis and action of ethylene; Ann. 
Rev. Plant Physiol., 30: 533-541. 
Liu, B. and Xu, Y. K., 1988. A preliminary study on shoot tips 
in vitro multiplication of sunflower (Helianthus annuus L.); 
Acta Agricultarae Universitatis Jilinensis, 10(4): 11-15. 
108 
Liu, B., Zhao, R., Wu, B. K., Gu, D. F. and Xu, Y. K., 1991. 
Genotype difference in callus induction and differentiation in 
sunflower {Helianthus annuus L.); Oil Crops of China, 1: 48-51 . 
Lupi, M. C , Bennici, A., Locci, F. and Gennai, D., 1987. 
Plantlet regeneration from callus and shoot tip culture of 
Helianthus annuus (L.); Plant Cell, Tissue Org. Cult., 11: 47-
55. 
Lupi, M. C , Cecconi, F., Pugliesi, C. and Baroncelli , S., 
1987. In vitro culture of sunflower (Helianthus annuus L.); 
Genetica Agraria, 41(3): 302. 
McCann, A. W., 1986; A system for the regeneration of 
Helianthus annuus L. Inbred lines from immature embryos. 
Abstract. IV International Congress of Plant, Tissue and Cell 
culture. 
McCann, A. W., Cooley, G. and Dreser, J. V., 1988. A system 
for routine plantlet regeneration of sunflower {Helianthus 
Annuus L.) from immature embryo derived callus; Plant Cell, 
Tissue Org. Cult., 14(2): 103110. 
Miller, C. O., 1963. Kinetin and kinetin like compounds, 
pp.194-202.In modern methoden der pflanzen analyse, 
vol.VI.(eds.) K.Paech and M.V.Tracey, Springer Verlag.Berlin. 
Mix, G., 1985. Antheran und Ovarienkultur von Sonnenblumen 
{Helianthus annuus L.); Landbauforschung Volkenrode, 35: 153-
156. 
Mohammad, A. M. S. and Hassan, H. A., 1988. Effect of some 
standard and prospective growth regulators on sunflower callus. 
109 
I. Initiation and growth; Journal of University of Kuwait 
Science, 15(1): 69-77. 
Mokhtar, T., Mezghani, S. and Marrakchi, M., 1981. 
Vegetative propagation of Sunflower {Helianthus annuus L.) by 
in vitro culture; Physiologie-Vegetale, 19(1): 99-102. 
Mroginki, L. A., Kartha, K. K. and Shyluk, J. P., 1981. 
Regeneration of peanut (Arachis hypogaea) plantlets by in vitro 
culture of immature leaves; Can. J. Bot., 59: 826-830. 
Muira, G.A. and Miller, C O . , 1969. Cytokinin from a variant 
strain of cultured soybean cells; Plant. Physiol. Lancaster, 44: 
1035-1039. 
Murashige, T., 1977. Clonal crops through tissue culture In: 
Plant tissue and its biotechnological application (Eds. W. Barz, 
E. Reinhard and M.H. Zenk), 392-403 Springer- Verlag, Berlin. 
Murashige, T., and Skoog, F., 1962. A revised medium for 
rapid growth and bioassay with tobacco tissue cultures; Physiol. 
Plant., 15: 475-497. 
Nair, N. G., Kartha, K. K. and Gamborg, O. L., 1979. Effect 
of growth regulators on plant regeneration from shoot apical 
meristems of cassava {Manihot esculanta Crantz ) and on the 
culture of internodes in vitro; Z. Pflanzenphysiol, 95: 51-56. 
Nataraja, K. and Ganapathi, T. R., 1989. In vitro plantlet 
regeneration from cotyledons of Helianthus annuus cv. Morden 
(sunflower.); Ind. J. Expt. Biol., 27(9): 111-119. 
Nestares, G., Zorzoli, R., Mroginski, L. A. and Picardi, L., 
1996. Plant regeneration from cotyledon derived from mature 
sunflower seeds; Helia, 19(24): 107-112. 
110 
Nikitina, N., 1984. Culture of young sunflower embryos in 
phylotron ispol zovanie- fitotrona-v-selektsii- maslichnykh-
kultur, 45-48. 
Paal, H. A., Kurnik, E. and Szabo, L., 1981. Plantlet 
regeneration from in vitro shoot tip culture of sunflower; 
Novenytermesztesi, 30(3): 201-208. 
Page, D. M. T. le, Garello, G., and Page, D. M. T., 1991. 
Onset of water stress tolerance in developing Helianthus annuus 
embryos; Seed Science Res., 1(4): 221-227. 
Paterson, K. E. and Everett, N. P., 1985. Regeneration of 
Helianthus annuus inbred plants from callus; Plant Science, 42: 
125-132. 
Paterson, K. E., 1984. Shoot tip culture of Helianthus annuus 
flowering and development of adventitious and multiple shoots; 
Am. J. Bot., 1\{1): 925-931. 
Paterson, K. E., 1985. Effect of nitrogen and ethylene on 
regeneration of plants from sunflower callus; Am. J. Bot., 72 
(6): 827. 
Pelissier, B., Bouchefra, O., Pepin, R. and Freyssinet, G., 
1990. Production of isolated somatic embryos from sunflower 
thin cell layers; Plant Cell Reports, 9(1): 47-50. 
Phillips, R. and Torrey, J. G., 1973. DNA synthesis, cell 
division and specific cytodifferentiation in cultured pea root 
cortical explants; Develop. Biol., 3 1 : 336-347. 
Piubello, S. M. and Case, O. H., 1986. In vitro culture of 
sunflower {Helianthus annuus L.) tissues; Phyton- Argentina, 46 
(2): 131-137. 
I l l 
Plotnikov, V. A., 1979. Factors limiting morphogenesis in 
anther culture of sunflower, 3-Ya Vsesoyuznaya konferentsiya, 
Kul ' tura, kletok rastenii , Abovyan, 21-25, Maya, Tezisy 
Dokladov (Butenko, R.G. Eds.) , 155-156. 
Power, C. J., 1987. Organogenesis from Helianthus annuus 
inbred and hybrids from the cotyledons of zygotic embryos; Am. 
J. Bot., 74(4): 497-503. 
Prado, E. and Berville, A., 1990. Induction of somatic embryo 
development by liquid culture in sunflower (Helianthus annuus 
L.); Plant Science, 67(1): 73-82. 
Price, H. J., Smith, R. H. and Grumbles, R. M., 1977. Callus 
cultures of six species of cotton (Gossypium L.) on defined 
mQdia; Plant Sci. Lett., 10(2): 115-120. 
Pugliesi, C , Cecconi, F., Mandolfo, A. and Baroncelli , S., 
1991. Plant regeneration and genetic variability from tissue 
culture of sunflower (Helianthus annuus); Plant Breeding, 106 
(2): 114-121. 
Pugliesi, C , Megale, P., Cecconi, F. and Baroncelli , S., 1993. 
Organogenesis and embryogenesis in Helianthus tuberosus and 
in the interspecific hybrid Helianthus annuus X Helianthus 
tuberosus; Plant Cell, Tissue Org. Cult., 33: 187-193. 
Punia, M. S. and Bohorova, N. E., 1990. Callus induction and 
plant regeneration from explants of wild diploid species of 
sunflower (Helianthus L.); Ann. of Biol.- Ludhiana, 6(1) 1-5. 
Punia, M. S. and Bohorova, N. E., 1992. Callus development 
and plant regeneration from different explants of six wild 
112 
species of sunflower {Helianthus annuus L.); Plant Science 
Limerick, 87 (1): 79-83. 
Purnhances, L., Medgyesy, P., Czako, M., Dix, P. J. and 
Marton, L., 1987. Stimulation of shoot regeneration in Triticum 
aestivum and Nicotiana plumbaginifolia Viv. tissue cultures 
using the ethylene inhibitor AgNOs; Plant Cell Reports, 6: 1-4. 
Pushkarenko, A. Ya., Ignatova, S. A. and Luk' yanyuk, S. F., 
1990. Regeneration of sunflower plants from immature embryos; 
Nauchno Tekhnicheskii- Byulleten Vsesoyuznogo selektsionno 
Geneticheskogo Instituta, 2: 46-50. 
Quimio, C. A. and Zapata, F. J., 1990. Diallel analysis of 
callus induction and plant regeneration in rice anther culture; 
Crop Sci., 30: 188-195. 
Raducanu, F., Moraru, I. and Soare, G., 1995. Direct somatic 
embryogenesis from cotyledons of immature zygotic embryos 
and plant regeneration in sunflower (Helianthus annuus L.); 
Probleme-de-Genetica Teoretica-si-Applicata, 27(1): 29-35. 
Raghavan, V., 1977. Applied aspects of embryo culture. In 
Applied and fundamental aspects of plants of plant cell, tissue 
and organ culture (Eds. J. Reinert and Y.P.S. Bajaj), 375-397, 
Springer-Verlag, Berlin. 
Rani, A. and Bhojwani, S. S., 1976. Establishment of tissue 
cultures of cotton; Plant Sci. Lett., 7(3): 163-169. 
Redenbergh, K., Fugii, J. A. and Slade, D., 1988. Encapsulated 
plant embryos. In: Biotechnology in Agriculture (Ed. A. 
Mizrahi), 225-248, Alan. R. liss. Inc. NewYork. 
113 
Redenbergh, K., Paasch, B., Nichoi, J., Kossler, M., Viss, P. 
and Walker, K., 1986. Somatic seeds: encapsulation of asexual 
plant embryos; Biotechnology, 4: 797-801. 
Rier, J. P. and Beslow, D. T., 1967. Sucrose concentration and 
the differentiation of xylem in callus; Bot. Gaz., 128: 73-77. 
Robbins, W. J. and Hervey, A., 1970. Tissue culture of callus 
from seedling and adult stages of Hereda helix; Am. J. Bot., 57: 
452-457. 
Robert, L. W., 1976. Cytodifferentiation in plants: xylogenesis 
as a model system. Cambridge University Press, Cambridge. 
Robinson, K. E. P. and Adams, D. O., 1987. The role of 
ethylene in the regeneration of Helianthus annuus (Sunflower) 
Plants from callus; Physiol. Plant., 71: 151-156. 
Robinson, K. E. P., Adams, D. O. and Lee, R. Y., 1987. 
Differential Physiological and morphological responses of 
inbred lines to the ethylene precursor 1-aminocyclopropane-l-
carboxylic acid by cultured Helianthus annuus (sunflower) shoot 
tips; Plant Cell Reports, 6: 405-409. 
Roewar, I. and Mabry, T. J., 1988. Cell cultures of the wild 
sunflower Helianthus maximiliani Schrader: growth and 
secondary metabolite synthesis; Plant Cell Reports, 7: 197-199. 
Roustan, J. P., Latche, A. and Fallot, J., 1990. Control of 
carrot somatic embryogenesis by AgNOs an inhibitor of ethylene 
action: Effect on arginine decarboxylase activity; Plant Science, 
67: 89-95. 
114 
Sachs, R. M., 1961. Gibberellin, auxin growth retardent effects 
upon cell division and shoot hisogenesis; Adv. Chemistry, 28: 
48-58. 
Sadhu, M. K., 1974. Effect of different auxins on growth and 
differentiation in callus tissue derived from sunflower stem pith; 
Ind. J. Expt. Biol., 12: 110-111. 
Sahoo, y. and Chand, P.K., 1998. In vitro multiplication of 
medicinal herbs, Tridax procumhens L. (maximum Daisy, Coat 
button): Influence of explanting season, growth regulator 
synergy, culture passage and planting substrate; 
Phytomorphotogy, 48: 195-205. 
Sarrafi, A., Bolandi, A. R., Serieys, H., Berville, A. and 
Alibert, G., 1996. Analysis of cotyledon culture to measure 
genetic variability for organogenesis parameters in sunflower 
{Helianthus annuus L.); Plant Science Limerick, 121(2): 213-
219. 
Saunders, J. W. and Bingham, E. T., 1975. Growth regulator 
effects on bud initiation in callus cultures of Medicago sativa; 
Am. J. Bot., 62: 850-852. 
Schenk, R. V. and Hildebrandt, A. C , 1971. Medium and 
techniques for induction and growth of monocotyledonous and 
dicotyledonous plant cell cultures; Can. J. Bot., 50: 199-204. 
Scowcroft, W. R. and Larkin, P. J., 1982. Somaclonal 
variation: A new option for plant improvement In: Plant 
improvement and somatic cell Genetics (Eds. I.K. Vasil, W.R. 
Scowcroft and K.J. Krey), 159-178, Acadamic Press, NewYork. 
115 
Scowcroft, W. R., 1984. Tissue culture and somaclonal 
variation a new genetic resource. Proc. XV. Intn. Congr. 
Genetics. New Delhi, India. 
Shahzad, A. and Siddiqui, S. A., 2000. In vitro studies on leaf 
culture of Helianthus annuus L.; Bulletin of Pure and Applied 
Sciences, 19B(1): 21-24. 
Sharma, S. K. and Dhiman, R. C. 1998. In vitro clonal 
propagation of Fi hybrid of Paulownia {P. fortunei x P. 
tomentosa ); Phytomorphology, 48(2): 167-172. 
Sharp, W. R., Evans , D. A. and Sondahl, M. R., 1982. 
Application of somatic embryogenesis to crop improvement, In: 
Plant tissue culture (Eds. A. Fujiwara), 759-763, Maruzen, 
Tokyo. 
Shi, J. M. and Liu, G. M., 1989. Organogenesis in shoot tip 
culture of sunflower {Helianthus annuus L.); Oil Crops of 
China, 4: 5 5-57. 
Short, K. C. and Torrey, T. G., 1972. Cytokinin production in 
relation to the growth of pea root callus t issue; J. Expt. Bot., 23 : 
1099-1105. 
Shri, P. V. and Davis, T. M., 1992. Zeatin induced shoot 
regeneration from immature chickpea {Ciser arietinum L.) 
cotyledon; Plant Cell, Tissue Org. Cult., 28: 45-51 . 
Singh, S., Garg, K. and Chandra, N., 1985. Growth and 
differentiation in internode callus of Brassica campestris var. 
yellow sarson; Acta Bot. Indica., 13: 45-50. 
116 
Skoog, F. and Miller, C O . , 1957. Chemical regulation of 
growth and organ formation in plant tissue cultured in vitro; 
Symp. Soc. Expt. Biol., 11: 118-130. 
Songstad, D. D., Duncan, D. R. and Widholm, J. M., 1988. 
Effect of 1-aminocyclopropane-l-carboxylic acid, silver nitrate 
norbornadiene on plant regeneration from the maize callus 
cultures; Plant Cell Reports, 7: 262-265. 
Staba, E. J., 1977. Tissue culture and Pharmacy. In: Applied 
and fundamental aspects of plant cell, tissue and organ culture 
(Eds. J. Reinert and Y.P.S. Bajaj), 694-702, Springer- Verlag 
Berlin. 
Steward, F. C , Mapes, M. O., Kent, A. E. and Holdsten, R. 
D., 1964. Growth and development of cultured plant cells; 
Science, N.Y., 163: 2027. 
Stoutimeyer, V. T. and Britt, O. K., 1965. The behaviour of 
tissue cultures from English and Algerian ivy in different 
phases, Am. J. Bot., 52: 80-810. 
Stoutmeyer, V. T. and Britt, O. K., 1963. Tissue cultures of 
juvenile and adult specimens of ivy; Nature{l.dindon.), 199: 397-
398. 
Street, H. E., 1977. Plant tissue and cell culture, Black Well 
Scientific Publications, Oxford. 
Struckmeyer, B. E., Hildebrandt, A. C. and Riker, A. J., 
1949. Histological effects of growth regulating substances on 
sunflower tissues of crown gall origin in vitro; Am. J. Bot., 36: 
491-495. 
117 
Sunderland, N., 1974. Anther cultures as a mean of haploid 
induction In: Haploids in higher plant. Advances and potential 
(K.J. Kartha ed.), 91-122. Guelph Univ. Press, Guelph. 
Tanimoto, S. and Harada, H., 1979. Influences of 
environmental and physiological conditions on floral bud 
formation of Torenia stem segments cultured; Z. 
Pflanzenphysiol, 95: 33-41. 
Tanimoto, S. and Harada, H., 1981. Effect of lAA, zeatin 
ammonium nitrate and sucrose on initiation and development of 
tobacco; Naturwiss, 58; 318-320. 
Tanimoto, S. and Harada, H., 1984. Role of auxin and 
cytokinin in organogenesis in Torenia stem segments cultured in 
vitro; J. Plant Physiol., 115: 11-18. 
Thatikunta, R. and Baldev, B., 1994. Callusing response of 
epicotyl and leaf explants of pigeonpea; Ind. J. Plant Physiol., 
37: 53-55. 
Thengene, S. R., Joshi, M. S., Khuspe, S. S. and 
Mascarenhas, A. F., 1994. Anther culture in Helianthus annuus 
I. influence of genotype and culture conditions on embryo 
induction and plant regeneration; Plant Cell Reports, 15: 222-
226. 
Tisserat, B. and Murashige, T., 1977. Effect of ethephon, 
ethylene and 2.4-dichlorophenoxyacetic acid on asexual 
embryogensis in vitro; Plant Physiol., 60: 437-439. 
Torrey, J. G. and Fosket, D. E. 1970. Cell division in relation 
to cytodifferentiation in cultured pea root segment; Am. J. Bot., 
57: 1072-1080. 
118 
Torrey, J. G., 1968. Hormonal control of cytodifferentiation in 
agar cell suspension cultures. In: Biochemistry and physiology 
of plant growth substances, 843-851, Wightman, F., Setterfield, 
G. (eds.) Ottawa. Runge Press. 
Tran Thanh Van, M., Dien, N. T. and Chlyah, A., 1974. 
Regulation of Organogenesis in small explants of superficial 
tissue of Nicotiana tabacum L; Planta, 119: 149-159. 
Trecul, A., 1853. In: An Introduction to Plant Tissue Culture 
(Ed. Razdan, M.K.), 11, Oxford & IBH Publishing Co. NewDelhi 
Trifi, M., Mezghani, S. and Marrakchi, M., 1981. In vitro 
vegetative multiplication of sunflower; Physiologie- Vegetale, 
19(1): 99-102. 
Uchimiya, H., Handa, T. and Brar, D. S., 1989. Transgenic 
plants; J. Biotech., 12: 1-20. 
Usha, R. and Swamy, P. M. 1998. In vitro micropropagation of 
sweet wormwood (Artemisia annua L.); Phytomorphology, 
48(2): 149-154. 
Varismohamed, S., Jawahar, M. and Jayabalan, N., 1998. 
Effect of Ads, BAP and IBA on plant regeneration from 
Macrotyloma uniflorum (LAM). VERDC ; Phytomorphology, 
48(1): 61-65. 
Vasiljevic, L. and Skoric, D., 1985. Using embryo culture in 
sunflower breeding; Glasnik-Instituta-Za-Botaniku-Boste-
Univerziteta-u-Beogradu, 19: 330-331. 
Vasiljevic, L., Atlagic, J. and Skoric, D., 1990. Applicability 
of new biotechnological methods in sunflower breeding; An. 
Biol.- Ludhiana, 6(2): 147-152. 
119 
Vesperinas, E. S., 1998. In vitro root induction in hypocotyl 
and plumule explants of Helianthus annuus; Environ. Expt. Bot., 
39: 271-277. 
Volak, J. and Stodoia, J., 1998. In: The illustrated book of 
herbs, 110. Caxton Edision (London). 
Walker, K. A., Yu, P. C , Sato, S. J. and Jaworski, E. G., 
1978. The hormonal control of organ formation in callus of 
Medicago sativa L. cultured \n vitro; Am. J. Bot., 65: 654-659. 
Wetmore, R. H. and Rier, J. P., 1963. Experimental induction 
of vascular tissues in callus of angiosperms; Am. J. Bot., 50: 
418-430. 
Wetmore, R. H. and Sorokin, S., 1955. On the differentiation 
ofxylem; J. Arnold Arbor., 36: 305-317. 
White, P.R. and Braun, A.C., 1942. A cancerous neoplasm of 
plants, Autonomous bacteria free crown gall t issue; Cancer Res., 
2: 597-617. 
Witrzens, B., Scowcroft, W. R., Downes, R. W. and Larkin, P. 
J. 1988. Tissue culture and plant regeneration from sunflower 
(Helianthus annuus) and interspecific hybrids (H. tuberasus x H. 
annuus); Plant Cell, Tissue Org. Cult., 13: 61-76. 
Wochok, Z. S. and Wetherell, D. F., 1971. Suppression of 
organized growth in cultured wild carrot tissue by 2-
chlorophosphonic acid; Plant Cell Physiol., 12: 11\-11A. 
Wu, L. and Li, M. W., 1970. Esterase isoenzyme patterns in 
rice somatic organ and the 2,4-D induced callus t issues; Bot. 
Bull. Acad. Sinic. Shanghai, 11: 113-117. 
120 
Wu, Q. Q, Zhao, S. E., Shang, K. J. and Cui, C , 1987. Effects 
of 2,4-D and 6-BA on the growth and calmodulin content of 
sunflower hypocotyl callus; Acta Phytophysiologica Sinica, 
13(2): 213-216. 
Yanchin, V. L, Beletskii, Yu, D., Smirnov, V. A. and 
Smirnova, V. V., 1989. Determination of optimum media for 
sunflower culture; Fizilogiya -i- Biokhimiya-kul-turnykh-
Rastenii, 21(4): 351-357. 
Yeoman, M. M. and Macleod, A. J., 1977. Tissue (callus) 
cultures Techniques. In Plant tissue and cell culture 2 ed. H.E. 
Street, 31-59. Oxford: Blackwell Scientific Publications. 
Yeoman, M. M. and Mitchell, J. P., 1970. Change 
accompanying the addition of 2,4-D to excised Jerusalem 
artichoke tuber t issue; Ann. Bot., 34: 799-810. 
Yeoman, M. M., 1970. Early development of callus cultures; 
Ins. Rev. CytoL, 29: 283-409. 
Zambila, N., 1989. Studies on in vitro culture of sunflower; 
Probleme-de-Genetica- Teoretica-si-Aplicata, 21(1): 37-43. 
Zezul, T. G., Gorbatenko, E. V. and Raldugina, G. N., 1995. 
In vitro regeneration of sunflower plants {Helianthus annuus L.) 
by somatic embryogenesis; Genetica- Moskva, 31(2): 228-233. 
Zhonard, R., Alissa, A., Mezzarobba, A., Ser-es-E, Venkurt, 
P., Pushkarenko, A. Ya., Luk-yanyuk, S. E., Ignatova, S. A. 
and Jonard, R., 1991. Production of breeding material of 
sunflower in vitro cultured methods; Vestnik-sel-
skokhozyaistvennoi-Nauki-Moskva, 1: 154-159 
121 
Zhong, D, Ferriere, N, M. and Coumans, M., 1995. Assay for 
doubled haploid sunflower {Helianthus annuus). Plant 
production by androgenesis: fact or artifact? Part 1. In vitro 
anther culture; Plant Cell, Tissue Org. Cult., 4 1 : 9197. 
Zwar, J. A. and Brown, R., 1968. Distribution of labelled plant 
growth regulators within cells; Nature (London), 220: 500-501. 
122 

EXPLANATION OF FIGURES -1 
a) 21 Days old friable light yellow callus from mature leaf of KBSH-1 on 
MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
b) 21 Days old compact light green callus from mature leaf of Morden on MS 
+ BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
c) 21 Days old friable creamy white callus from mature leaf of PAC-308 on 
MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
d) 21 Days old compact creamy white callus from mature leaf of DK-3890 on 
MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
e) 21 Days old friable light green callus from hypocotyl of KBSH-1 on MS 
+ BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
f) 21 Days old friable light yellow callus from hypocotyl of DK-3890 on MS 
+ BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
fly = Friable light yellow clg = Compact light green, 
few = Friable creamy white ccw = Compact creamy white 
Figure-1 
EXPLANATION OF FIGURES -2 
a) 21 Days old friable light green callus from hypocotyl of PAC-308 on MS + 
BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
b) 21 Days old friable light yellow callus from hypocotyl of Morden on MS + 
BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
c) 21 Days old friable light yellow callus from stem of DK-3890 on MS + 
BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
d) 21 Days old granular light yellow callus from stem of KBSH-1 on MS + 
BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%)' 
e) 21 Days old creamy light yellow callus from stem of PAC-308 on MS + 
BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
f) 21 Days old whitish light green callus from stem of Morden on MS + BAP 
(lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) 
Figure- 2 
EXPLANATION OF FIGURES-3 
a) 21 Days old culture showing friable light green and nodular callus from first 
pair of leaf of Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/l) +Sucrose (3%) 
b) 21 Days old culture showing granular white and nodular callus from first 
pair of leaf of KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/1) + Sucrose (3%) 
c) 21 Days old culture showing friable light green callus from first pair of leaf 
of PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + 
Sucrose (3%) 
d) 21 Days old culture showing compact creamy white callus from first pair of 
leaf of DK-3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + 
Sucrose (3%) 
e) 21 Days old culture showing friable light yellow callus from mature embryo 
of Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + 
Sucrose (3%) 
f) 21 Days old culture showing compact creamy white callus from mature 
embryo of DK-3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) 
+ Sucrose (3%) 
n = nodular ccw = compact creamy white 
Figure- 3 
EXPLANATION OF FIGURES-4 
a) 21 Days old culture showing compact creamy white callus from mature 
embryo of PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) 
+ Sucrose (3%) 
b) 21 Days old culture showing friable light yellow callus from mature embryo 
of KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + 
Sucrose (3%) 
c) 21 Days old culture showing compact creamy white callus from mature 
cotyledon of KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/1) + Sucrose (3%) 
d) 21 Days old culture showing compact creamy white callus from mature 
cotyledon of DK-3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/1) + Sucrose (3%) 
e) 21 Days old culture showing compact light green callus from mature 
cotyledon of Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/1) + Sucrose (3%) 
f) 21 Days old culture showing compact creamy white callus from mature 
cotyledon of PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D 
(lmg/1) + Sucrose (3%) 
Figure- 4 
EXPLANATION OF FIGURES-5 
a) 21 Days old culture showing friable light green callus from shoot tip of 
PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
b) 21 Days old culture showing compact green callus from shoot tip of 
Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
c) 21 Days old culture showing compact light green callus from shoot tip of 
DK-3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
d) 21 Days old culture showing friable light green callus from shoot tip of 
PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
e) 21 Days old culture showing friable light green callus from shoot tip of 
KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
Figure- 5 
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EXPLANATION OF FIGURES-6 
a) 21 Days old culture showing friable light yellow callus from stem of DK-
3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + Sucrose 
(3%) 
b) 21 Days old culture showing friable creamy white callus from stem of leaf 
of KBSH-l on MS + BAP (lmg/1) + NAA (Img/l) + 2,4-D (Img/l) + 
Sucrose (3%) 
c) 21 Days old culture showing friable light yellow callus from stem of leaf of 
PAC-308 on MS + BAP (lmg/1) + NAA (Img/l) + 2,4-D (lmg/1) + Sucrose 
(3%) 
d) 21 Days old culture showing friable creamy white callus from stem of leaf 
Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (Img/l) + Sucrose 
(3%) 
gly = Granular light yellow 
Figure- 6 
EXPLANATION OF FIGURES-7 
a) 21 Days old culture showing friable light green callus from cotyledonary 
leaf of DK-3890 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (lmg/1) + 
Sucrose (3%) 
b) 21 Days old culture showing compact creamy white callus from mature 
cotyledonary leaf of KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-
D (lmg/1) + Sucrose (3%) 
c) 21 Days old culture showing friable creamy white callus from cotyledonary 
leaf of PAC-308 on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-D (Img/I) + 
Sucrose (3%) 
d) 21 Days old culture showing compact creamy white callus from 
cotyledonary leaf of Morden on MS + BAP (lmg/1) + NAA (lmg/1) + 2,4-
D (lmg/1) + Sucrose (3%) 
e) Compact light green and nodular callus of KBSH-1 developed on MS + Kn 
(2mg/l) + NAA (0.5mg/l) + Sucrose (3%) 
f) Compact light green and nodular callus of Morden developed on MS + Kn 
(2mg/l) + NAA (0.5mg/l) + Sucrose (3%) 
n = Nodular 
Figure- 7 
EXPLANATION OF FIGURES-8 
a) Compact creamy white callus from cotyledon of Morden on MS + BAP 
(lmg/1) + NAA (Img/l) + Sucrose (3%) after T' subculture 
b) Compact creamy white callus from cotyledon of Morden on MS + BAP 
(2mg/l) + Sucrose (3%) after 2"'^  subculture 
c) Friable light yellow callus from cotyledon of KBSH-1 on MS + BAP 
(2mg/l) + NAA (0.5mg/l) + Sucrose (3%) after 2"^ * subculture 
d) Friable light yellow callus from cotyledon of Morden on MS + BAP (2mg/l) 
+ NAA (0.5mg/l) + C0CI3 (5mg/l) + AgNOs (0.5mg/l) + Sucrose (3%) after 
1 ^ ' subculture 
ccw = Compact creamy white fly = Friable light yellow 
Figure- 8 
EXPLANATION OF FIGURES-9 
a) 42 Days old culture showing compact white and nodular callus of Morden 
on MS + Sucrose (3%) + BAP (lmg/1) 
b) 7 Days old friable light yellow callus of KBSH-1 on MS + BAP (2mg/l) + 
Sucrose (3%) 
c) 42 Days old culture showing compact white and nodular callus of Morden 
on MS + Sucrose (3%) + BAP (lmg/1) + NAA(lmg/1) 
d) Friable light yellow callus of KBSH-1 on MS + Sucrose (3%) + BAP 
(lmg/1) after 2"'' subculture 
e) Friable creamy white callus of Morden on MS + BAP (2mg/l) + NAA 
(0.5mg/l) + Sucrose (3%) after 5* subculture 
fly = Friable light yellow few = Friable creamy white 
n = Nodular 
Figure- 9 
EXPLANATION OF FIGURE-10 
a) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + 
Sucrose (3%) + BAP (2mg/l) + NAA (0.5mg/l) + C0CI3 (5mg/l) + AgNOs 
(lmg/1) after 2"'' subculture 
b) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + 
Sucrose (3%) + BAP (2mg/l) + NAA (0.5mg/l) + C0CI3 (lmg/1) + AgNOs 
(2mg/l) after 3'^'^ subculture 
c) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + 
Sucrose (3%) + BAP (2mg/l) + NAA (0.5mg/l) + C0CI3 (Img/l) + AgNOs 
(5mg/l) after 3'^ '' subculture 
d) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + 
Sucrose (3%) + BAP (2mg/l) + NAA (0.5mg/l) + C0CI3 (0.5mg/l) + 
AgNOs (lOnjg/1) after 3''' subculture 
e) Browning of callus of KBSH-1 on MS + BAP (lmg/1) + NAA (0.5mg/l) + 
C0CI3 (0.5mg/l) + AgN03 (lOmg/1) + Sucrose (3%) after 6^ ^ subculture 
f) Browning of callus of KBSH-1 on MS + BAP (2mg/l) + NAA (0.5mg/l) + 
C0CI3 (0.5mg/l) + AgN03 (20mg/l) + Sucrose (3%) after 5^ ^ subculture 
r = Rhizogenesis 
Figure-10 
EXPLANATION OF FIGURE-11 
a) Friable light green calli of KBSH-1 showing shoots on MS + BAP (lmg/1) 
+ GA3 (lmg/1) + Sucrose (3%) 2"'' subculture 
b) Friable light green calli of Morden showing embryoid like formation on MS 
+ BAP (4mg/l) + GA3 (4mg/l) + Sucrose (3%) after 3"* subculture 
c) Friable light green calli of KBSH-1 showing embryoid like formation on 
MS + BAP (4mg/l) + GA3 (4mg/l) + Sucrose (3%) after 2"'' subculture 
d) Friable light yellow calli of Morden showing embryoid like formation on 
MS + BAP (lmg/1) + GA3 (lmg/1) + Sucrose (3%) after 3"^  subculture 
e) Friable light green calli of KBSH-1 showing embryoid like formation on 
MS + BAP (5mg/l) + GA3 (5mg/l) + Sucrose (3%) after 3"^  subculture 
sh = Shoot, e = Embryoid like formation 
Figure-11 
EXPLANATION OF FIGURE-12 
a) Compact light green callus of Morden on MS + BAP (lmg/1) + NAA 
(0.5mg/l) + Sucrose (3%) after l" subculture 
b) Friable light yellow callus of KBSH-1 on MS + BAP (lmg/1) + NAA 
(0.5mg/l) + Sucrose (3%) after 6"" subculture 
c) Browning of callus of KBSH-1 on MS + NAA(lmg/l) + 2,4-D (0.5mg/l) + 
Sucrose (3%) after 6'^  subculture 
d) Compact light green callus of Morden on MS + BAP (2mg/l) + NAA 
(lmg/1) + 2,4-D (lmg/1) + Sucrose (3%) after 1'' subculture 
e) Compact light green callus of Morden on MS + BAP (3mg/l) + 2,4-D 
(lmg/1) + Sucrose (3%) after 1'' subculture 
f) Browning of callus of KBSH-1 on MS + BAP(lmg/l) + NAA (0.5mg/l) + 
Sucrose (6%) after 4"^  subculture 
fly = Friable light yellow 
Figure-12 
EXPLANATION OF FIGURE-13 
a) Friable light green and nodular callus of KBSH-1 on MS + BAP (4mg/l) + 
2,4-D (lmg/1) + Sucrose (6%) after 1'' subculture 
b) Browning of callus of KBSH-1 on MS + NAA (lmg/1) + 2,4-D (0.5mg/l) + 
Sucrose (3%) after 1^ ' subculture 
c) Compact light green callus of Morden on MS + BAP (4mg/l) + 2,4-D 
(lmg/1) + Sucrose (6%) after 2""^  subculture 
d) Browning of callus of KBSH-1 on MS + BAP (3mg/l) + 2,4-D (lmg/1) + 
Sucrose (3%) after 4'*^  subculture 
e) Compact light yellow callus of Morden on MS + BAP (4mg/l) + 2,4-D 
(lmg/1) + Sucrose (6%) after 3'^ '* subculture 
f) Browning of callus of KBSH-1 on MS + BAP (2mg/l) + NAA (lmg/1) + 
2,4-D (0.5mg/l) + Sucrose (6%) after 6* subculture 
g) Browning of callus of KBSH-1 on MS + BAP (2mg/l) + NAA (lmg/1) + 
2,4-D (lmg/1) + Sucrose (6%) after 6"" subculture 
h) Compact light green and nodular callus of Morden on MS + BAP (3mg/l) + 
2,4-D (lmg/1) + Sucrose (6%) after 2"'' subculture 
i) Browning of callus of KBSH-1 on MS + BAP (3mg/l) + 2,4-D (lmg/1) + 
Sucrose (6%) after 4'*^  subculture 
n = Nodular, 
Figure-13 
EXPLANATION OF FIGURE-14 
a) Friable light green and nodular callus of KBSH-1 on MS + BAP (2mg/l) + 
NAA (0.5mg/l) + ABA (lmg/1) + lAA (2mg/l) + GA3 (2mg/l) + Kn (lmg/1) 
+ Inositol (150mg/l) + KNO3 (2.5mg/l) + Zeatin (2mg/l) + Sucrose (3%) 
after 1^ ' subculture 
b) Compact light green nodular callus of Morden on MS + BAP (2mg/l) + 
NAA (0.5mg/l) + ABA (lmg/1) + lAA (2mg/l) + GA3 (2mg/l) + Kn (lmg/1) 
+ Inositol (150mg/l) + KNO3 (2.5mg/l) + Zeatin (2mg/l) + Sucrose (3%) 
after V^ subculture 
c) Compact light yellow calli of Morden showing single shoot initiation on 
MS + BAP (lmg/1) + NAA (0.lmg/1) + ABA (0.5mg/l) + Kn(lmg/1) + 
KNO3 (2.5mg/l) + Inositol (150mg/l) + Zeatin (2mg/l) + Sucrose (3%) after 
3'^ '' subculture 
d) Compact green nodular callus of Morden on MS + BAP (2mg/l) + NAA 
(0.5mg/l) + ABA (lmg/1) + lAA (2mg/l) + GA3 (2mg/l) + Kn (lmg/1) + 
Inositol (150mg/l) + KNO3 (2.5mg/l) + Zeatin (2mg/l) + Sucrose (3%) after 
5 subculture 
e) Friable light yellow callus of Morden showing shoot like emergence on MS 
+ BAP (lmg/1) + NAA (lmg/1) + KNO3 (5mg/l) + FA (lmg/1) + CH 
(lmg/1) + Inositol (150mg/l) after 4^ ^ subculture 
f) Friable light yellow callus from root of Morden on MS + BAP (lmg/1) + 
NAA (lmg/1)+ 2,4-D (lmg/1) 
g) Friable light green callus from stem of Morden on MS + BAP (lmg/1) + 
NAA (lmg/1)+ 2,4-D (lmg/1) 
h) Friable light green callus of KBSH-1 showing rhizogenesis on MS + BAP 
(0.5mg/l) + NAA (lmg/1) + KNO3 (5mg/l) + CH (lmg/1) +Inositol (5mg/l) 
after 3'^ '* subculture 
n = Nodular, shb = Shoot bud 
Figure-14 
EXPLANATION OF FIGURES-15 
a) Compact light green callus of Morden showing rhizogenesis on MS + BAP 
(2mg/l) + NAA (lmg/1) + Zeatin (5mg/l) + ABA(lmg/l) + GA3(lmg/l) + 
CH(lmg/l) + Sucrose (10%) after 4* subculture 
b) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + Kn 
(5mg/l) + IAA(lmg/1) + Sucrose (3%) 
c) Friable light yellow callus of KBSH-1 showing rhizogenesis on MS + BAP 
(5mg/l) + IAA(lmg/l) + Sucrose (3%) 
d) Friable light green callus of KBSH-1 on MS + BAP (lmg/1) + NAA (lmg/1) 
+ 2,4-D (0.5mg/l) + lAA (lmg/1) + GA3 (lmg/1) + ABA (lmg/1) + Kn 
(lmg/1) + Zeatin (5mg/l) + KNO3 (5mg/l) + Inositol (150mg/l) + Sucrose 
(4.5%) after 2"'' subculture 
e) Compact light green and nodular callus of Morden on MS + BAP (2mg/l) + 
NAA (0.5mg/l) + lAA (2mg/l) + GA3 (2mg/l) + ABA (lmg/1) + Zeatin 
(2mg/l) + KNO3 (2.5mg/l) +Inositol (150mg/l) + Sucrose (3%) after 2""^  
subculture 
n = Nodular, r = Rhizogenesis 
Figure-15 
EXPLANATION OF FIGURES-16 
a) Compact green callus of Morden showing rhizogenesis on MS + BAP 
(0.5mg/l)+ NAA (O.lmg/1) + ABA (5mg/l) + Inositol (150mg/l) + Sucrose 
(3%) after 3'''' subculture 
b) Friable light green callus KBSH-1 on MS + BAP (2mg/l) + NAA (0.5mg/l) 
+ ABA(5mg/l) + KNO3 (2.5mg/l) + Inositol (150mg/l) Sucrose (3%) after 
2"'^  subculture 
c) Compact light green callus Morden on MS + BAP (Img/1) + NAA (Img/1) 
+ GA3(lmg/l) + ABA (lmg/1) + KNO3 (2.5mg/l) + Inositol (150mg/l) + 
Sucrose (3%) after 2"'' subculture 
d) Friable light yellow callus Morden showing rhizogenesis on MS + BAP 
(10mg/l) + IAA(lmg/l) 
Rhizogenesis 
Figure-16 
EXPLANATION OF FIGURE-17 
a) Compact green nodular calli of KBSH-1 showing rhizogenesis on MS + 
BAP (lmg/1) + NAA (0.5mg/l) + ABA (0.5mg/l) + FA (0.5mg/l) + CH 
(0.5mg/l) + Biotin (0.25mg/l) + Sucrose (4%) after 2"*^  subculture 
b) Compact light green calli of Morden on MS + BAP (2mg/l) + NAA 
(0.lmg/1) + ABA (0.5mg/l) + FA (0.5mg/l) + KNO3 (5mg/l) + CH (0.5mg/l) 
+ Biotin (0.25mg/l) + Sucrose (4%) after 3"* subculture 
c) Compact light green calli of Morden on MS + BAP (lmg/1) + NAA (lmg/1) 
+ ABA (0.5mg/l) + FA (0.5mg/l) + KNO3 (5mg/l) + CH (0.5mg/l) + Biotin 
(0.25mg/l) + Sucrose (4%) after S'*' subculture 
d) Friable light green and nodular calli of KBSH-1 on MS + BAP (0.5mg/l) + 
NAA (0.5mg/l) + ABA (0.5mg/l) + FA (0.5mg/l) + KNO3 (5mg/l) + CH 
(0.5mg/l) + Biotin (0.25mg/l) + Sucrose (4%) after 5"" days of subculture 
r = Rhizogenesis, n = Nodular, clg = Compact light green 
Figure-17 
EXPLANATION OF FIGURE-18 
a) Compact light green callus of Morden on MS + BAP (lmg/1) + NAA 
(0.5mg/l) + Zeatin (5mg/l) + GA3 (lmg/1) + ABA (0.5mg/l) + CH (0.5mg/l) 
+ Sucrose (10%) after 2"'' subculture 
b) Green nodular callus of KBSH-1 on MS + BAP (2mg/l) + NAA (lmg/1) + 
Zeatin (5mg/l) + GA3 (lmg/1) + ABA (lmg/1) + CH (lmg/1) + Sucrose 
(10%) after 3'Subculture 
c) Friable light green callus of Morden showing shoot initiation on MS + BAP 
(2mg/l) + NAA (lmg/1) + Zeatin (5mg/l) + GA3 (lmg/1) + ABA (lmg/1) + 
CH (lmg/1) + Sucrose (10%) after 3"^ subculture 
d) Compact light green nodular callus of KBSH-1 on MS + BAP (lmg/1) + 
NAA (0.5mg/l) + Zeatin (5mg/l) + GA3 (lmg/1) + ABA (0.5mg/l) + CH 
(0.5mg/l) + Sucrose (10%) after 4"^  subculture 
e) Friable light green nodular callus of Morden on MS + BAP (2mg/l) + NAA 
(0.5mg/l) + Zeatin (lOmg/1) + GA3 (lmg/1) + ABA (0.5mg/l) + CH 
(0.5mg/l) + Sucrose (5%) after 2"'' subculture 
f) Compact light green callus of KBSH-1 showing rhizogenesis followed by 
shoot initiation on MS + BAP (2mg/l) + NAA (0.5mg/l) + Zeatin (5mg/l) + 
GA3 (lmg/1) + ABA (5mg/l) + CH (0.5mg/l) + Sucrose (5%) after 2"'' 
subculture 
Shb = Shoot bud, sh = Shoot, n = Nodular 
Figure-18 
EXPLANATION OF FIGURE-19 
a) Friable white callus from leaf of Morden on MS + BAP (2mg/l) + NAA 
(0.5mg/l) + Sucrose (3%) after 6"" subculturing 
b) Friable white callus from leaf of Morden on MS + BAP(5mg/l) + NAA 
(Img/l) + Sucrose (3%) after 6'^  subculturing 
c) Friable light green callus of KBSH-1 on MS + BAP(lmg/l) + NAA 
(lmg/1) + lAA (lmg/1) + 2,4-D (0.5mg/l) + GA3 (lmg/1) + ABA (lmg/1) + 
Kn (lmg/1) + Inositol(150mg/1) + KNO3 (5mg/l) + Zeatin (5mg/l) + Sucrose 
(4.5%) after 6* subculture 
d) Compact light green callus of Morden on MS + BAP(lmg/1) + NAA 
(lmg/1) + lAA (lmg/1) + 2,4-D (0.5mg/l) + GA3 (lmg/1) + ABA (lmg/1) + 
Kn (lmg/1) + Inositol 150mg/l) + KNO3 (5mg/l) +Zeatin (5mg/l) + Sucrose 
(4.5%) after 2"^ ^ subculture 
fw = Friable white 
Figure-19 
EXPLANATION OF FIGURES-20 
a) Apical bud initiation (L.S.) and differentiation of shoot buds with well 
developed leaf primordia (450x) 
b) T.S of differentiated meristemoid cells (450x) 
c) Group of meristematic cells and T.S. of meritemoid cells showing shoot 
bud initiation 
d) Embryoid formation formation on the surface of callus (450x) 
Ip = Leaf primordia Ab = Apical bud, 
MC = Meristemoid cells E = Embryoid 
Figure- 20 
EXPLANATION OF FIGURES-21 
a) L.S. of meristemoid cells showing shoot bud initiation from callus and 
apical bud initiation (450x) 
b) Rhizogenesis in callus showing vascular tissue (450x) 
c) T.S. of meristemoid zone showing root initiation (450x) 
Figure- 21 
EXPLANATION OF FIGURES-22 
a) 35 Days old stem calli of Morden showing rhizogenesis on MS + NAA 
(5mg/l) + Kn (0.5mg/l) + Sucrose (3%) 
b) 35 Days old stem calli of Morden showing rhizogenesis on MS + NAA 
(2mg/l) + Kn (0.5mg/l) + Sucrose (3%) 
c) 35 Days old cotyledonary leaf calli of Morden showing rhizogenesis on 
MS + 2,4-D (5mg/l) + Kn (0.5mg/l) + Sucrose (3%) 
d) 35 Days old mature leaf calli of Morden showing rhizogenesis on MS + 
lAA (5mg/l) + Kn (0.5mg/l) + Sucrose (3%)] 
Rhizogenesis 
Figure- 22 
EXPLANATION OF FIGURES-23 
a) Embryo culture showing dark prostrusion like structure on MS + Inositol 
lOOmg/1) + Glycine (2mg/l) + Nicotinic acid (1.5mg/l) + Pyridoxine HCl 
(0.5mg/l) + FA (0.5mg/l) + Biotin (0.25mg/l) + KN03 (6.9mg/l) + Ads 
(40mg/l) + BAP (0.5mg/l) + NAA (O.lmg/1) 
b&c) Immature embryo grew into normal plantlet on MS + Sucrose (3%) + 
BAP (O.lmg/1) 
d) Regenerated shoot of KBSH-1 with enlarged leaves 
Figure- 23 
EXPLANATION OF FIGURES-24 
a) Shoot induction and caiiusing at cut end of shoot tip of KBSH-1 on MS + 
Kn (4mg/l) + Sucrose (3%) 
b) Shoot induction and caiiusing at cut end of shoot tip of Morden on MS + 
Kn (4mg/l) + Sucrose (3%) 
c) Shoot induction and caiiusing at cut end of shoot tip of PAC-308 on MS + 
Kn (4mg/l) + Sucrose (3%) 
d) Shoot induction and caiiusing at cut end of shoot tip of DK-3890 on MS + 
Kn (4mg/l) + Sucrose (3%) 
sh = Shoot 
Figure- 24 
EXPLANATION OF FIGURE-25 
a) Shoot induction and callusing at cut end of shoot tip of PAC-308 on MS 
+BAP (4mg/l) + Sucrose (3%) 
b) Shoot induction and callusing at cut end of shoot tip of DK-3890 on MS 
+BAP (4mg/l) + Sucrose (3%) 
c) Shoot induction and callusing at cut end of shoot tip of Morden on MS 
+BAP (4mg/l) + Sucrose (3%) 
d) Shoot induction and callusing at cut end of shoot tip of KBSH-1 on MS 
+BAP (4mg/l) + Sucrose (3%) 
sh = Shoot 
Figure- 25 
EXPLANATION OF FIGURES-26 
a) Shoot induction and callusing at cut end of shoot tip of KBSH-1 on MS + 
Kn (2mg/l) + IB A (lmg/1) + Sucrose (3%) 
b) Shoot induction and callusing at cut end of shoot tip of PAC-308 on MS + 
Kn (4mg/l) + IB A (lmg/1) + Sucrose (3%) 
c&d) Shoot induction and callusing at cut end of shoot tip of Morden on MS + 
Kn (4mg/l) + IB A (lmg/1) + Sucrose (3%) 
e) Shoot induction and callusing at cut end of shoot tip of DK-3890 on MS + 
Kn (4mg/l) + IB A (lmg/1) + Sucrose (3%) 
sh = Shoot 
Figure- 26 
EXPLANATION OF FIGURES-27 
a) Shoot induction and callusing at cut end of shoot tip of Morden on MS + 
BAP (2mg/l) + IBA (lmg/1) + Sucrose (3%) 
b) Shoot induction and callusing at cut end of shoot tip of DK-3890 on MS + 
BAP (2mg/l) + IBA (lmg/1) + Sucrose (3%) 
c) Shoot induction and callusing at cut end of shoot tip of PAC-308 on MS + 
BAP (2mg/l) + IBA (lmg/1) + Sucrose (3%) 
d) Shoot induction and callusing at cut end of shoot tip of KBSH-1 on MS 
+BAP (2mg/l) + IBA (lmg/1) + Sucrose (3%) 
sh = Shoot 
Figure- 27 
EXPLANATION OF FIGURE-28 
a) Multiple shoot bud differentiation from 2 days old cotyledon of PAC-308 
on MS + Kn (4mg/l) + IB A (4mg/l) + Sucrose (4%) after 42 day of culture 
b) Shoot bud initiation directly from 2 days old cotyledon of DK-3890 on MS 
+ Kn (2mg/l) + IB A(4mg/1) + Sucrose (4%) after 28 day of culture 
c) Multiple shoot bud initiation directly from 2 days old cotyledon of Morden 
on MS + Kn (4mg/l) + IB A (4mg/l) + Sucrose (4%) after 42 day of culture 
d) Multiple shoot bud initiation directly from 2 days old cotyledon of KBSH-
1 on MS + Kn (4mg/l) + IBA (4mg/l) + Sucrose (4%) after 28 day of 
culture 
sh = Shoot shb = Shoot bud 
Figure-28 
EXPLANATION OF FIGURE-29 
a) Multiple shoot bud initiation directly from 2 days old cotyledon of PAC-
308 on MS + BAP (4mg/l) + IBA (4mg/l) + Sucrose (4%) after 28 day of 
culture 
b) Multiple shoot bud initiation directly from 2 days old cotyledon of DK-
3890 on MS + BAP (4mg/l) + IBA (4mg/l) + Sucrose (4%) after 28 day 
of culture 
c) Multiple shoot bud initiation directly from 2 days old cotyledon of KBSH-
1 on MS + BAP (4mg/l) + IBA (4mg/l) + Sucrose (4%) after 28 day of 
culture 
d) Multiple shoot bud initiation directly from 2 days old cotyledon of Morden 
on MS + BAP (4mg/l) + IBA (4mg/l) + Sucrose (4%) after 35 day of 
culture 
sh = Shoot 
Figure- 29 
EXPLANATION OF FIGURES-30 
a) Friable white callus from hypocotyl of KBSH-1 regenerated when 
transferred on MS + ABA (O.lmg/1) +GA3 (lmg/1) + BAP (lmg/1) + 
Sucrose (4%) 
b) Friable white callus from hypocotyl of DK-3890 regenerated when 
transferred on MS + BAP (3mg/l) + IBA (0.5mg/l) + Ads (lOmg/1) + 
Sucrose (4%) 
c) Compact whitish callus from hypocotyl of KBSH-1 regenerated when 
transferred on MS + ABA (O.lmg/1) +GA3 (0.2mg/l) + BAP (lmg/1) + 
Sucrose (4%) 
d) 28 Days old culture showing initiation of multiple shoot bud from 
hypocotyl of KBSH-1 on MS + Kn (2mg/l) + IBA (lmg/1) + Sucrose (4%) 
sh = Shoot, shb = Shoot bud 
Figure- 30 
EXPLANATION OF FIGURES-31 
a) Shoot bud initiation directly from hypocotyl of KBSH-1 on MS + Kn 
(4mg/l) + IB A (lmg/1) + Sucrose (4%) after 28 day of culture 
b) Induction of shoot buds directly from hypocotyl of DK-3890 on MS + Kn 
(5mg/l) + IB A (lmg/1) + Sucrose (4%) after 28 day of culture 
c) Regeneration of shoots from hypocotyl of DK-3890 on MS + BAP (4mg/l) 
+ IB A (lmg/1) + Sucrose (4%) after 28 day of culture 
d) Initiation of leaf like structure from leaf petiole of Morden on MS + BAP 
(4mg/l) + NAA (lmg/1) + Sucrose (4%) after 21 day of culture 
shb = Shoot bud 
Figure- 31 
EXPLANATION OF FIGURES-32 
a) Plantlet developed from embryo culture showing roots on MS + 
NAA(lmg/l) 
b) Plantlet developed from embryo culture showing roots on 1/3 
MS+NAA (lmg/1) + GA3 (lmg/1) 
c,d,e,f) Plantlet developed from shoot tips showing roots on 1/3 MS + NAA 
(lmg/1) +AC(0.5mg/l) 
Figure- 32 
EXPLANATION OF FIGURES-33 
a) Acclimatization of regenerated plant of cv. KBSH-1 
b) Acclimatized plant of Morden showing normal flowering 
Figure- 33 
EXPLANATION OF FIGURES-34 
a) Acclimatized plantlet 
b) Acclimatized plantlet 
c) Acclimatized plants of all four genotypes showing normal flowering 
Figure- 34 
